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Editorial 


Interpretation of Cardiovascular Pressure Pulses 


HE direct registration of arterial and 
le pressure pulses has become a com- 
non occurrence. An important factor con- 
iributing to the increase of direct cardio- 
vascular recording has been the development 
f the technic of heart catheterization. Of 
almost equal importance has been the develop- 
iment of easily handled transducers, amplifiers, 
aud recording systems, which brought the 
technical possibility of direct pressure pulse 
recording within the reach of numerous hos- 
pital laboratories. 

The complete training of personnel needed 
to staff the clinical cardiovascular laboratories 
appears not to have kept pace with the in- 
crease in the number of new laboratories. It 
requires a relatively short period to train a 
person in the basic skills of catheterization 
technics and the mysteries of instrumentation. 
It requires a much longer time and a greater 
concentration of effort to develop critical skill 
in the interpretation of cardiovascular pres- 
ure pulse tracings. It is evident that even the 
nost skillfully recorded pressure pulses are 
vorthless without skillful interpretation. 

Often there is more interest in the mechanics 
if graphie recording than in the analysis of 
he tracings that are obtained and it must be 
dmitted that recording the pulses is a fasci- 
ating experience. As a result, the unanalyzed 
racings pile up to collect dust in someone’s 

le. However, it may be that the analysis of 
he records does not hold the same charm as 
he recording process because many investiga- 
ors lack the critical knowledge and skill nec- 
ssary to make an accurate evaluation of their 

‘acings. If so, the answer would seem to be 


more and better opportunities to gain such 
critical knowledge and skill. 

The most direct way to acquire skill in the 
interpretation of pressure pulses is to work in 
an experimental animal laboratory where pres- 
sure pulse tracings are obtained under nearly 
ideal technical conditions and in fairly well 
controlled experiments. Here the interaction 
of the numerous factors known to influence the 
contour of the pressure pulses in a charac- 
teristic fashion can be studied in detail and 
in a more thorough manner than in the neces- 
sarily restricted clinical experiment. The skill 
and knowledge gained from the experimental 
animal laboratory carry over very well into 
the interpretation of pressure pulses obtained 
from man. However, comparatively few people 
have either the time or the opportunity to 
engage in experimental animal work. Those 
who do should share their experience with 
others. 

The rapid and skillful interpretation of 
pressure pulses requires a great deal of ex- 
perience in the actual measurement of all 
types of tracings. There is no substitute for 
sitting down with a set of tracings, a drafts- 
man’s triangle, and dividers and working 
through the phases of the cardiac cycle on 
each pulse. Once the measurements are com- 
pleted it is still necessary to correlate the 
measurement with the conditions under which 
the tracings were obtained. As one gains 
experience, one begins to recognize charac- 
teristic contours at a glance and to associate 
these with certain cardiovascular situations. 
This is the art of ‘‘seanning’’ pressure pulses. 
One acquires this facility almost unconsciously 
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but, actually, it is a mental discipline well 
known to those who handle large numbers of 
electrocardiographic tracings. It requires only 
practice and a methodical type of mental 
analysis of the tracings. Each skilled indi- 
vidual eventually works out the method of 
rapid analysis that suits him best. It should 
be emphasized that ‘‘scanning’’ is not a preci- 
sion measurement. Careful measurement must 
be done to confirm the impression gained by 
rapid scanning. Even so, it may be of some 
help to discuss the art in detail. 

The quick evaluation of a pressure pulse 
may be divided into 3 analytic phases, each of 
which asks a question, or series of questions. 
The first phase begins with the question: ‘‘Is 
the pressure pulse accurately recorded ?’’ The 
answer is obtained by looking for indications 
that the recording was made with an adequate 
manometer or transducer system. These signs 
consist of sharp, crisp upstrokes, where such 
are expected, absence of undershooting or 
overshooting, a clear incisura (central arterial 
pulses), absence of artifacts due to poor posi- 
tioning of the catheter or needle, and proper 
time relations if 2 or more pressure pulses are 
recorded simultaneously. Finally, an aecu- 
rately recorded tracing will have pressure 
calibrations inscribed at either the beginning 
or end of the tracing and sometimes both. 
Failure to find a calibration on each original 
record is almost invariably a sign of poor 
technic. 

The second phase of the evaluation begins 
when one asks the question: ‘‘What is the 
general pressure level of these pressure 
pulses?’’ Or, ‘‘What are the approximate 
values for systolic and diastolic pressures ?’’ 
(One never asks what is the mean pressure 
level. Mean pressure has little use except in 
certain formulations, the caleulation of pe- 
ripheral resistance, for example). The second 
question concerns heart rate: ‘‘Is it fast or 
slow? Or, is it within normal range for the 
particular conditions under which the tracing 
was obtained ?’’ Finally, the question : ‘‘Is the 
pressure pulse contour consistent with the 
pressure level and the heart rate?’’ 

The third phase of quick evaluation may 


EDITORIAL 


be said to be summarizing in nature because 
one asks the question: ‘‘Is there anything 
unusual about the tracing?’’ The question is 
answered by examining in succession the 
upslope, summit, incisura, and diastolic limb 
of the pressure pulse, and comparing each 
segment with what one knows to be within 
normal limits. If abnormalities are encounter- 
ed, it must be noted whether they are systolic 
or diastolic in time; whether they seem to be 
associated with a large or small systolic stroke 
volume and with an inereased or decreased 
peripheral resistance. The relative size of 
stroke volume may be inferred from the pulse 
pressure, the level of systolic and diastolic 
pressure, and the steepness of the anacrotic 
rise. The rate of exponential decline during 
diastole, when taken into consideration with 
the diastolic pressure, is a good index of the 
peripheral resistance. 

Such ‘‘seanning’’ or quick evaluation of a 
pressure pulse tracing gives one only an im- 
pression as to whether the contour and pres- 
sure levels of the pulses square with the con- 
ditions under which they were recorded. It 
is foolhardy to accept such an evaluation as 
the final one for careful measurement often 
reveals that the eye can be deceived. 

There are many precise measurements that 
can be made upon an arterial pressure pulse. 
Seldom, if ever, are all conceivable measure- 
ments made. The custom is to make those 
measurements that furnish the information 
needed for a specific purpose. However, cer- 
tain measurements and calculations should be 
performed routinely on the arterial or ven- 
tricular pressure pulses. These include sys- 
tolic and diastolic pressures, incisural pres- 
sure, cardiac cycle time, and the systolic time 
cycle time ratio (s/c ratio). These measure- 
ments when correlated with the general con- 
tour of the pulse will usually reveal any 
abnormality that may be present. 

Most investigators are content to record a 
mean atrial pressure pulse or to integrate a 
recorded phasic atrial pressure pulse without 
consideration of the contour of the pulse. 
Nothing can be more hazardous if the measure- 
ment is to be used for any critical purpose. 
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‘he validity of an atrial pressure measure- 
nent can be assumed only when the contour 
s observed to be that of a recognizable atrial 
yressure pulse. Measurements or calculations 
lerived from bizarre atrial pressure pulses are 
worthless and misleading. 

The most common source of error in reecord- 
ing atrial pressure pulses is the practice of 
recording an integrated pressure. The inte- 
gyrating circuit, no matter how skillfully 
engineered, cannot distinguish between an ab- 
normal and a normal pressure pulse contour. 
A eritical knowledge of what a good atrial 
pressure pulse contour looks like in contrast 
to a poor one is essential and should be applied 
before the investigator flips the integrating 
switch (if ever). 

Then we have the example of elaborate 
interpretation of phasic atrial or right ven- 
tricular pressure pulses recorded by an ex- 
tremely low frequency manometer or trans- 
(lucer system. There is undershooting or over- 
shooting, gross distortion of phase relations, 
and the introduction of sinusoidal fluid waves, 
which further distort the already distorted 
pressure pulse. A knowledge of what the pres- 
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sure pulse looks like when recorded under the 
best possible conditions (and there are nu- 
merous examples) would reveal the futility of 
building elaborate theses or concepts based on 
such inadequate pressure pulses. One can only 
point out that the error is one of critical 
judgment. 

Instrumentation has now reached a stage 
of development where we can expect reason- 
ably accurate records when the equipment is 
properly and intelligently used. It seems to 
the author that the time has come when the 
major emphasis should be on eliciting the 
greatest amount of information from the 
cardiovascular tracings. This requires a great 
deal more experience and critical know-how 
than we can muster at present. Expansion of 
centers prepared to impart this type of rigor- 
ous training is needed. However, the desire 
to obtain such training must be forthcoming 
also. One cannot hope to exert critical judg- 
ment in this area without experience and 
training. It is to be hoped that more cardio- 
vascularly inclined investigators will seek 
such training. 

Davip F. OpDYKE 


The Study of Nature will ever yield us fresh Matter of Entertainment, and we have 
great reason to bless God, for the Faculties and Abilities he has given us, and the strong 
Desire he has implanted in our Minds, to search into and contemplate his Works, in 
which the farther we go, the more we see the Signatures of his Wisdom and Power, 
every Thing pleases.and instructs us, because in every Thing we see a wise Design. 

As the beautiful Fabrick of this World was chiefly framed for and adapted to the 
Use of Man, so the greater insight we get into the Nature and Properties of Things, so 
much the more Beneficial will they be to us, the more will our real Riches thereby 
increase, the more also will Man’s original Grant of Dominion over the Creatures be 


enlarged.—Statistical Essays. 


REVEREND STEPHEN Hates, B.D., F.R.S. From the 


Dedication to the King’s Most Exeellent Majesty. Volume II, London, 1733. 





Our Second Decade 
Presidential Address 


By Ropert W. WiLkins, M.D. 


A WE approach our tenth anniversary as 
a national voluntary health agency, and 
as we rededicate ourselves to the tasks that 
still remain before us, I think it appropriate 
that we pause briefly to consider another 
anniversary that coincides with this dinner. 
I refer, of course, to the three-hundredth 
anniversary of the death of William Harvey, 
who, in the year 1616, first brought forward 
his views on the motion of the heart and 
circulation, thus laying the foundation of 
experimental! medicine and heart research. 

Measured against the broad panorama of 
time, the past 300 years represent only a few 
hours in the living history of man. In the 
same perspective, our 9 years of existence 
become but a fractional part of a minute. Yet 
in this brief moment, we have advanced hun- 
dreds, even thousands, of years in our knowl- 
edge of the diseases that have caused pre- 
mature death in the western world. Harvey 
and the Heart Association define 2 fixed 
points in the annals of man’s resistance to 
the cardiovascular diseases. 

Harvey was the epitome of the independent 
mind and the inductive method in action. He 
worked alone. The powerful impress of his 
thought was to be felt—very slowly at first, 
and then with constantly growing momentum 
—by succeeding generations of research scien- 
tists. It has been within your lifetime and 
mine—indeed, within the past 25 years, that 
the trends set in motion by Harvey have 
found their fullest expression. 

My second point of reference is 1948, the 
year of our reorganization into a national vol- 
untary health agency. This marked the begin. 


From the Massachusetts Memorial Hospitals, Bos- 
ton, Mass. 

Presented at the 30th Scientific Sessions, American 
Heart Association, Chicago, Ill., October 27, 1957. 


ning of a planned, unified, all-out assault upon 
the diseases of the heart and circulation, made 
possible through public support. Call it a 
coincidence if you wish, but the fact remains 
that the past 9 years have been the most 
fruitful in the long history of man’s search 
for new knowledge about the heart and cireu- 
lation. Our association has played a forceful 
role in bringing much of this new knowledge 
to fruition. We have provided the leadership 
and motivation for a concerted attack by 
medical science and the public on the prob- 
lems of cardiovascular disease. The Scientific 
Sessions now in progress, attended by more 
than 2,500 physicians, as compared with the 
handful who attended only a decade ago, 
illustrate my point. 

Before the twentieth century, no one, least 
of all Harvey, would have dreamed that the 
time would come when a dynamic and eohe- 
sive force such as the American Heart Asso- 
ciation would be fashioned from man’s 
generosity, and his concern for the welfare 
of humanity. 

As I have already indicated, these 9 years 
have brought with them much in the way of 
tangible achievement. They have led us into 
an era of new opportunities. More than that, 
they have brought with them responsibilities 
and challenges of great magnitude. And so, 
as I prepare to come to grips with one of the 
most important assignments of my life, that 
of serving as President of the American 
Heart Association, my thoughts turn to the 
future instead of the past. Not for one mo- 
ment do I discount the substantial advances 
already made. I share with you the pride 
that we all feel in the accomplishments of 
the Heart Association. But I suggest that 
our work has only begun, and that we cannot 
afford the luxury of self-satisfaction. 
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For when we examine what remains to be 
done, what indeed we have barely begun to 
approach, we are sobered by the enormous 
tasks that still lie ahead. Coronary thrombo- 
sis, strokes, and high blood pressure are still, 
as they were 10 years ago, the leading sources 
of death and disability. They reach into 
every family, every community, every busi- 
ness, every organization. They have not 
spared us in the American Heart Association. 
The toll taken daily by these scourges serves 
as a constant grim reminder, if we needed 
any, of the vast responsibility we have under- 
taken in assuming leadership in the heart 
eause. We have no other mission, we have 
no other reason for being. We shall not be 
turned aside by United Funds or by any so- 
called ‘‘health foundations’’ that threaten our 
right to continue on our charted course as 
an independent health agency. 

As we face the tasks of the future, we take 
encouragement and strength from the year- 
after-year vote of confidence given us by the 
American people. This ever-growing expres- 
sion of approval is convincing evidence that 
the people heartily endorse our philosophy. 
They have given us a mandate—a directive to 
continue, yes, even to expand, our efforts 
against the heart diseases. We must never 
forget that our objectives are the objectives 
of the people of this nation. We must never 
forget that our fight is their fight. 

Just who are these people? 

First, I think they are the millions of in- 
dividuals who contribute to our campaigns 
each February. These people—and there 
were more than 35 million of them this year— 
have given because they are deeply concerned 
about heart disease, and want something done 
about it. Furthermore, they want that some- 
thing done in a way that the Heart Associa- 
tion is doing it. 

Second, among our supporters, I think of 
the great army of volunteer workers for 
Heart—more than one million of them. This 
constantly expanding foree is engaged in 
fighting our fight. Together, these men and 
women constitute our main strength. We 
should cherish and nourish their support. 
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Third, I think of our Heart Association 
staff workers. These devoted servants of the 
Heart Cause must in many instances remain 
silent when they would otherwise speak out 
clearly, since they must avoid the appearance 
of seeking undue personal gain from the 
Heart Association. We, the unpaid volun- 
teers for Heart, must speak loudly for them, 
and as often as necessary to uphold their 
efforts. Especially is this true when they are 
pressured or openly attacked in their own 
communities because of their support of poli- 
cies we, the unpaid volunteers, have adopted. 
We must never lose sight of the fact that 
without a dedicated and competent staff our 
Heart Association could accomplish little as 
a health agency. 

Fourth, I think of our research workers— 
the career investigators, established investi- 
gators, research fellows, and trainees. They 
are chosen people—chosen, in the sense that 
in order to qualify for Heart Association sup- 
port they must survive the close and critical 


scrutiny of an eminent scientific jury—our 
Research Allocations Committee. 
secret that they value the professional and 
academic standing reflected in an affirmative 


It is no 


judgment of this committee. Further, they 
have full confidence in our total program and 
in its continued success. We must never let 
them down. 

Finally, I think of the masses of people 
who have been victimized by the heart dis- 
eases. These are the people who have put 
their faith and hope in the American Heart 
Association. They are the ones to whom we 
owe a grave responsibility. 

I make no pretense of being a prophet. But 
I think I ean see eracks in the iron curtain 
of ignorance which surrounds atherosclerosis 
and hypertension. I firmly believe that the 
time is here when we may expect major new 
developments in our knowledge and under- 
standing of these diseases. Today we are able 
to bring practically every case of high blood 
pressure under effective control. We can 
now devote more attention to the ultimate 
eoneern of all medicine, namely, prevention. 
We must learn how to avoid all the prevent- 
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able forms of this disease, and to do this 
before the strain of high blood pressure can 
damage the heart and blood vessels. 

Our new plans include a massive assault on 
the problems of atherosclerosis, or hardening 
of the arteries. Already, we are gathering 
information about its predisposing and ag- 
gravating factors through what we eall epi- 
demiologic studies of this truly devastating 
epidemic disease. Already our research 
scientists have uncovered and are pursuing 
many highly promising clues, which, singly 
or in combination, may soon produce the 
knowledge needed to control atherosclerosis. 
I predict that within the next decade, great 
advances will be made toward this goal, per- 
haps, through new and effective methods of 
treatment and prevention. 

Organizationally, we must be ready to ap- 
ply new knowledge on hypertension and 
atherosclerosis when it becomes available. 
This will require greatly expanded programs 
of professional and public education, and will 
likewise involve a substantial strengthening 
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of our community service programs. In the 
9 years of our existence we have made great 
strides in perfecting the organizational strue- 
ture which will be needed to cope with this 
task. 

If there is truly such hope of suecess, what 
should be our aims as to the ultimate size, the 
financial needs, and the over-all program of 
the American Heart Association? This is a 
most difficult question. At the moment our 
task is so great and the demands on our re- 
sources so overwhelming that to project a 
limit on our growth seems hardly realistic. I 
submit that we must continue to grow and 
expand to the extent our program requires. 
But, and here is the great advantage of an 
organization such as ours, we will stop our 
growth if and when our mission has been ful- 
filled. Actually we hope that that time may 
come soon. But soon or late we shall persist 
until we gain the victory, firm in the convie- 
tion that a complete conquest over ecardiovas- 
cular disease is what the people want, aud 
what the people deserve to have. 


Dressler, W., Yurkofsky, J., and Starr, M. C.: Hemorrhagic Pericarditis, Pleurisy, and 
Pneumonia Complicating Recent Myocardial Infarction. Am. Heart J. 54: 42 (July), 


1957. 


Three patients with recent myocardial infarction complicated by intensively hemor- 
rhagie pericarditis, pleurisy, and pneumonia, respectively, are reported. In the instance 


of hemorrhagic pericarditis anticoagulant therapy was not employed and in the other 2 


patients was used for only a few days with the prothrombin time never exceeding thera- 
peutic levels. These 3 patients present features that have been described recently as 


characteristic of a postmyocardial-infarction syndrome and point out that the inflam- 
matory reaction constituting this syndrome may be hemorrhagic in character. The 
authors suggest that the postmyocardial-infarection syndrome is allergie in nature, 
representing a hypersensitivity reaction to autoantigens resulting from necrosis of the 
myocardium. 


SAGALL 





The George E. Brown Memorial Lecture 


Current Status of the Problem of Thrombosis 


By Netson W. Barker, M.D. 


The pathogenesis of intravascular thrombosis involves 1 or a 
endothelial lesion, a disturbance of blood flow, and hypereoagulability of the blood. 
of fresh thrombi is probably dependent on the fibrinolytic activity of the plasma. 


combination of 3 factors: 


< 


an 
The fate 
While 


some tests for coagulation factors have given some positive results among patients with vari- 
ous types of thrombosis, no test has consistently demonstrated its value in predicting a throm- 


bosing tendency. 
prevention of thrombosis in many patients. 


Carefully administered anticoagulant therapy has been effective in the 
Such therapy requires individualization on the 


basis of frequent laboratory tests and is usually justified only after the patient has suffered 


one or more episodes of clinical thrombosis. 
injections of fibrinolysins is still in the experimental stage. 


Treatment of acute thrombosis by intravascular 


Recent advances in surgical tech- 


nic have led to successful restoration of continuity of some of the large arteries previously 


occluded by thrombosis. 


N SPITE of expanded anticoagulant ther- 
apy, new antihypertensive drugs, con- 
troversial anti-atherogenic regimens, and spec- 
tacular cardiovascular surgical treatment, it 
is apparent that we have not really solved the 
problem of thrombosis. It has been emphasiz- 
ed repeatedly that cardiovascular diseases are 
the most common cause of death at the pres- 
ent time. In the majority of cardiovascular 
deaths, the terminal event can be attributed 
intravascular thrombosis. Necropsy evi- 
denee indicates that although atherosclerosis 
is the basie disease, final arterial occlusion by 
thrombosis is responsible for approximately 
sO per cent of transmural myocardial infare- 
tions. Similar evidence indicates that regional 
urterial thrombosis is responsible for 50 to 80 
per cent of infarctions of the brain. 


10 


Some 
cerebral and coronary occlusions, as well as 
urterial occlusions in many parts of the body, 
caused detachments from 
thrombi formed in the heart itself. Patients 
still die of pulmonary embolism that starts 
is thrombosis in the peripheral veins. In 
:ddition to the lethal aspects of thrombosis, 


it is the cause of much serious disability from 


ire by embolic 


From the Mayo Foundation, Graduate School, Uni- 
\ersity of Minnesota, Rochester, Minn. 

Presented at the meeting of the American Heart 
..ssoeiation, Chicago, Ill., October 25 to 29, 1957. 
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nonfatal cerebral and myocardial infarction 
and from thrombotic occlusion of peripheral 
arteries and veins causing serious circulatory 
insufficiency and, at times, loss of digits or 
limbs. It well recognized that arterial 
thrombosis is usually a complication of a dis- 


1S 


ease process in the vessel walls themselves, 
most commonly atherosclerosis. If thrombosis 
could be prevented, the seriousness of athero- 
sclerosis would be greatly reduced. Also if 
all thrombosis could be prevented, a consider- 
able number of other deaths and instances of 
serious disability due to nonatherosclerotic 
thromboembolic diseases could be eliminated. 


ETIOLOGIC AND PATHOGENIC ASPECTS 

It is obvious that to consider thrombosis as 

a single pathologic and etiologic entity is an 
oversimplification of a very complex problem. 
For example, we see thrombosis developing in 
individuals only when there is serious and 
of the of the blood 
site where thrombus 


advanced 
at 
formed. 


disease wall 
the the 
We see other instances in which no 


vessel is 
definitive pathologic process can be seen in 
the vessel wall in or near where the thrombus 
develops, and we see all sorts of cases between 
which there is some 
combination of vascular disease and throm- 
botie occlusion. It is interesting to note that 


these two extremes in 
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our knowledge concerning the etiology and 
pathogenesis of intravascular thrombosis has 
progressed very little during the past 50 years 
since Welch! wrote his classic chapter on the 
subject about the turn of the century. It is 
still generally accepted that thrombosis devel- 
ops as a result of one or more of the following 
factors: cardiovascular endothelial disease or 
injury, relative stasis or impairment of region- 
al blood flow, and increased coagulability of 
the blood. 

Endothelial Disease and Injury. The tend- 
ency for thrombosis to occur in vessels affected 


by atherosclerosis or chronic inflammatory 


disease is well known. Thrombosis also oceurs 
on the endothelial side of myocardial infarcts, 
on the stretched and damaged lining of arte- 
rial aneurysms, and in veins at the site of 
chemical or mechanical injury. 

Slowing of Venous Blood Flow. Many cases 
of venous thrombosis are associated with slow- 
ing of venous blood flow as the result of rest 
in bed and pressure on the veins of the lower 
limbs in patients who cannot or do not move 
or change their positions frequently. Altera- 
tions in blood flow in arterial aneurysms, in 
fibrillating atria of the heart, and in varicose 
veins of the extremities are considered to be 
important factors in the thrombosis that fre- 
quently develops in these locations. 

Recently studies? have been reported on the 
flow of liquids through artificial tubular sys- 
tems to show the variations of marginal flow 
where the channels were tortuous, angulated, 
or of varying caliber. Flow of certain solu- 
tions through such tubes resulted in slow 
depositions on the sides of the tubes where 
the flow was slower. By analogy a gradual 
deposition of fibrin and formed elements of 
the blood may occur in tortuous vessels, in 
those of varying caliber, and near the orifices 
of small branches of larger vessels. 

Hypercoagulability of Blood. It is pre- 
sumed that hypercoagulability of the blood 
is a factor in many eases of intravascular 
thrombosis. However, attempts to establish a 
consistent measurable disturbance of coagula- 
tion in patients with recent thrombosis have 
not been successful. Many such tests have 
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been studied, several of which have shown 
some tendency toward positive results in pa- 
tients with thrombosis as compared with nor- 
mal persons. However, overlapping values 
above and below any selected upper limit of 
normal, in both the tested and the control 
subjects, have weakened the significance of 
each test. Among some patients with throm- 
bosing tendencies the concentration of fibrino- 
gen in the blood is relatively high, but, when 
tests of fibrinogen are done on a sufficient 
number of persons at varying times, it is 
found that the variations in the level of 
fibrinogen among different persons as_ well 
as in the same persons at different times are 
so great that only a few patients with throm- 
bosis can be said to have abnormal concen- 
trations of fibrinogen. 

Tests of prothrombin activity for either 
prothrombin itself or the stable and labile 
accelerators, or the combination of all, have 
not yielded distinguishable results in patients 
with thrombosis.* The same can be said for 
tests of antithrombic activity. The coagula- 
tion time of whole blood in glass tubes is not 
shortened in patients with thrombosis except 
in an occasional person. Furthermore, the 
significance of such tests is impaired because 
of variability of results that oceur because of 
minor and often unavoidable variations in 
technic. When the clotting test of whole blood 
is done in silicone tubes and the preparation 
kept at a temperature of 37C., and when 
considerable attention is paid to consistency in 
technic, a greater number of patients show 
more rapid coagulation of blood than the nor- 
mal range, but there is still considerable over- 
lap in values when normal persons are com- 
pared with those who have thrombosis.4 An 
even larger percentage of positive results has 
been obtained with the heparin tolerance test® 
and with the test done by determining the 
coagulation time in a glass tube at 37C. of 
a mixture of a fixed amount of heparin and 
a fixed amount of whole blood made imme- 
diately after withdrawal of the blood from a 
vein.® In one such series of tests, when an 
arbitrary time was used as the low limit of 
normal, it was found that 20 per cent of 





GEORGE E. BROWN MEMORIAL LECTURE 


normal persons and 80 per cent of patients 
with thrombosis had heparin coagulation times 
shorter than normal. 

Much attention has been paid to the possible 
role of abnormalities of thrombocytes as a 
cause of thrombosis or a tendency to throm- 
bosis. Although there seems to be some tend- 
eney for thrombosis to develop in patients 
with high platelet counts, most patients with 
thrombosis have normal platelet counts. Stud- 
ies of variations in morphology and degree 
of clumping of platelets in stained smears 
have shown only occasional abnormalities 
of questionable significance in patients with 
thrombosis. Attempts to study platelet fune- 
tion have encountered technical difficulties. 
Some studies of platelet adhesiveness to glass 
have indicated a greater tendency to such 
adhesiveness among some patients with 
thrombosis,‘ but such tests are time-consum- 
ing and often give inconsistent results. The 
test of thromboplastin generation® ® has pro- 
duced a few positive results in patients who 
have had repeated thrombotic episodes. The 
test is technically difficult and time-consuming 
but deserves further appraisal and, if possible, 
simplification. One study’? seemed to in- 
dicate a significantly shortened clot retraction 
time in many patients with pulmonary embo- 
lism and a somewhat shortened clot retraction 
time in patients with thrombophlebitis, but 
these results have lacked confirmation. The 
test is relatively simple. Positive results might 
be attributed to a change in platelet function. 
The available evidence, although meager and 
perhaps controversial, would seem to indicate 
that if a coagulation defect does exist in pa- 


tients who have thrombosis, it is probably in 
the first stage of coagulation and associated 
with platelet function or the ease with which 


plasma thromboplastin is formed. Conflicting 
reports have appeared in the literature regard- 
ing shortening of the coagulation time of 
whole blood in lusteroid and silicone-coated 
tubes after ingestion of a fatty meal. It 
has also been reported that ingestion of a 
fatty meal inhibits fibrinolytic activity of the 
plasma. The studies were all done in normal 
persons. Even if some hypercoagulability or 
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inhibition of endogenous fibrinolysis oceurs 
regularly after ingestion of fat in almost all 
people, the significance of these changes in 
the development of intravascular thrombosis 
has not as yet been demonstrated. 

Clinical Observation Related to Pathogene- 
sis. In the consideration of the pathogenesis 
of thrombosis, there are some curious clinical 
observations that must be taken into account 
in efforts to elucidate the mechanism. One of 
these is the fact that thrombosis may develop 
at an interval, for example 7 to 14 days, after 
tissue trauma and blood loss. A second ob- 
servation is that thrombosis tends to be 
episodic, and a third is that for some curious 
reason thrombosis fails to progress beyond a 
certain limit. It is not easy to understand 
why it does not continue to progress, once 
it has started. Another observation is that 
even when patients have conditions that are 
known to be complicated by venous throm- 
bosis the actual incidence of this complica- 
tion is small. This applies, for example, to 
patients who have postoperative thrombosis, 
postpartum thrombosis, posttraumatic throm- 
bosis, or thrombosis occurring as a complica- 
tion of severe infectious diseases. 

These observations would. suggest that a 
combination of etiologic factors may be neces- 
sary for the development of thrombosis and 
that at least one of the factors may be tran- 
sitory. They might also suggest that an in- 
creased amount of some one of the factors 
promoting blood clotting is present at the 
time of thrombosis, but may he used up during 
the process of thrombus formation, therefore 
limiting the extent and progression of the 
process. Conceivably this might account for 
the fact that measurable changes in coagula- 
tion factors have been found only inecon- 
sistently after thrombosis has occurred. The 
possibility that a measurable disturbance of 
coagulability of the blood may be present just 
before an episode of thrombosis has not been 
sufficiently explored. .Because many of the 
tests of blood coagulation that have been tried 
in an effort to determine the presence of a clot- 
ting or thrombosing tendency have been time- 
consuming and subject to technical error, 
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satisfactory appraisal of the value of the tests 
has been limited. 

Spontaneous Thrombolysis. Some informa- 
tion is available and more is needed on the 
changes that occur in thrombi after they are 
formed. There is a tendency to think of 
thrombosis as a static process, that once it 
has occurred the vessel is occluded by the 
thrombus permanently and that the thrombus 
remains as such. However, clinical, pathologic, 
and experimental evidence indicates that parts 
or all of many thrombi disappear as a result 
of endogenous fibrinolysis. The fate of many 
thrombi is partial lysis and partial fibrous 
tissue organization. This is the usual end- 
stage of iliofemoral thrombophlebitis. The 
marginal organization produces thickening of 
the wall of the vein that results in reduction 
of the lumen of the vein and crippling of the 
valves, but a lumen still remains patent and 
functioning. Many thrombi in other parts of 
the body, both in arteries and veins, undergo 
at least partial lysis within hours or days 
after they have been formed. In animals the 
production of thrombi in veins by means other 
than severe endothelial injury is almost al- 
ways followed by disappearance of the 
thrombi in a matter of a few hours. 

In the syndrome of insufficiency of the 
basilar artery, the clinical course is charac- 
terized by repeated episodes of transient 
cerebral dysfunction that last only a few min- 
utes or hours. These have been attributed by 
some to arterial spasm or to alteration in the 
blood flow through narrowed atherosclerotic 
arteries. However, in many cases adequate 
anticoagulant therapy has promptly stopped 
the recurrence of the episodes. There is no 
evidence that the anticoagulant therapy has 
anything to do with blood flow or arterial 
spasm, and its only known action is the pre- 
vention of fibrin formation. Thus it is more 
logical to assume that the episodes of cerebral 
dysfunction are produced by transient arterial 
thrombosis which may be prevented by the 
anticoagulant. If so, the thrombotie ocelu- 
sions must be transient and must disappear 
spontaneously in a few minutes or hours. If 
we accept the concept that in normal persons 
there is continuous deposition of a small 
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amount of fibrin on the vascular endothelium 
and continuous lysis of this fibrin, a small 
alteration in this homeostatic balance may be 
responsible for the development of thrombosis 
in some situations. Another small alteration 
may produce rapid lysis of a freshly formed 
thrombus. Much work has been done in an 
attempt to evaluate the action of the fibrinoly- 
sin of the blood plasma. The evidence indi- 
cates that a homeostatic situation is normally 
present in which the fibrinolysins in the 
plasma are balanced by antifibrinolysins. 
Thus, some of the principles that are impor- 
tant in both the development and involution 
of thrombi may be related to this homeostatic 
fibrinolysin-antifibrinolysin balance. 


PREVENTIVE THERAPY 


In spite of the limitations of knowledge 
concerning pathogenesis and etiology, some 
progress has been made in the treatment of 
thrombosis and particularly in the prevention 
of thrombosis. There is little doubt that early 
ambulation after surgical operation and child- 
birth has lessened the incidence of venous 
thrombosis and pulmonary embolism that may 
occur in the immediate postoperative and post- 
partum convalescence. However, early ambu- 
lation has not eliminated thrombosis under 
these conditions. After extensive surgical 
procedures, or when other complications exist, 
many patients cannot be ambulated early or 
will not ambulate to a degree that will elimi- 
nate or reduce the postoperative venous stasis 
in the lower extremities. Obviously, many 
patients who have had fractures, or who 
have had orthopedic operations, cannot be 
ambulated for several weeks. The value of 
elastic stockings or of elastic bandages on the 
legs during the immediate postoperative 
period is doubtful. Perhaps the failure of 
such supports is due more to their application 
than to the principle involved, but for pur- 
poses of eliminating venous stasis in the lower 
extremities it is probable that the use of sup- 
ports is much inferior to adequate exercise of 
the leg muscles. 

The most common and important cause of 
intra-arterial thrombosis is the endothelial dis- 
ease produced by atherosclerosis. It is prob- 
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able that if atherosclerosis could be prevented, 
or could be arrested in its early stages, most 
of the killing or crippling thrombosis that 
oceurs in the heart and brain could be pre- 
vented. In spite of an extensive program of 
research, which is currently almost world- 
wide and involves many disciplines, the solu- 
tion of this problem seems to be still rather 
remote. 

Anticoagulant Therapy. The greatest ad- 
vance in the prevention of thrombosis, whether 
intravenous, intra-arterial, or intracardiac, 
that has oceurred to date has been anti- 
coagulant therapy. In spite of the calculated 
risks of this therapeutic approach, the neces- 
sity for careful individualization of programs 
for each patient, the numerous blood tests that 
are required, and the occasional contraindica- 
tions and occasional failures, the use of anti- 
coagulants for the prevention of thrombosis 
in many different locations in the body has 
been gradually extended. There is adequate 
evidence that anticoagulant therapy is effec- 
tive in the prevention of most venous throm- 
bosis and pulmonary embolism,'® that it has 
greatly reduced the incidence of thrombo- 
embolic complications and that it has sig- 
nificantly lowered the mortality rate following 
acute myocardial infarction. 

More recently, there is statistical evidence 
that adequate anticoagulant therapy carried 
out on a long-term basis in patients who have 
had one or more myocardial infaretions and 
survived has significantly reduced the subse- 
quent death rate.'* Also there is recent evi- 


dence that thrombosis of the basilar artery 
can be prevented by adequate anticoagulant 
therapy and that such therapy is probably 
also effective in the prevention of thrombosis 
in the carotid arterial systems.'® Anticoagu- 


lant therapy is being used, apparently ef- 
fectively, in several other situations in which 
specific statistical information is lacking as 
to its effectiveness. These include acute periph- 
eral thrombotic and embolic arterial occlu- 
sions,” recurrent peripheral arterial throm- 
bosis, and recurrent idiopathic thrombophle- 
bitis. 

It has been stated repeatedly that the pur- 
pose of anticoagulant therapy is to prevent 
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thrombosis by partially interfering with the 
coagulability of the blood and that anti- 
coagulant therapy has no effect on thrombi or 
emboli that are already in existence when 
the therapy is started. This of course pre- 
sumes that thrombosis is a static process and 
does not take into consideration the possible 
interrelations between fibrin formation and 
fibrinolysis. One well-controlled study of 
experimental thrombosis in the arteries of 
animals indicated that lysis of the thrombi 
and restoration of the lumen of the arteries 
was much more rapid and more nearly com- 
plete when anticoagulants were given soon 
after the thrombi were produced than when 
they were not so given.*! It is a common clini- 
cal impression that the signs and symptoms 
of acute peripheral arterial and venous throm- 
bosis disappear more rapidly when anticoagu- 
lants are used. Theoretically at least, the 
inhibition of fibrin formation by anticoagu- 
lants may permit spontaneous fibrinolysis to 
occur more rapidly and to a greater extent 
than it would occur otherwise. 

Anticoagulant Drugs. The anticoagulants 
in current use are heparin, several coumarin 
compounds, and phenindione. Although less 
commonly used, heparin is still a satisfactory 
anticoagulant and one for which there is no 
substitute from the standpoint of rapidity of 
action. The necessity for parenteral admin- 
istration makes it unsuitable for long-term 
anticoagulant therapy. Attempts to develop 
other satisfactory anticoagulants having a 
heparin-like action have not been successful 
to date. Clinical studies with 2 of these, 
Paritol and Treburon, were abandoned _ be- 
cause of toxic reactions which have not oe- 
curred with the use of heparin. Dextran has 
not been used sufficiently to evaluate properly 
its possible toxic effects. 

Most of the anticoagulant therapy that is 
used currently employs one of the coumarin 
compounds or phenindione. Heparin may be 
used to cover the initial period between the 
beginning of treatment and the time when 
therapeutic hypoprothrombinemia is achieved. 
Dicumarol is still used widely and preferred 
by many clinicians because of their long ex- 
perience with it. Several other coumarin com- 
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pounds and phenindione have been developed 
as substitutes for Dicumarol in an effort to 
lessen or eliminate some of its disadvantages, 


namely the delayed onset of its action, the 
persistence of its effect for several days after 
administration is discontinued, and the rather 
wide variation of response among different 
patients. The medical literature would seem 
to indicate that there is some disagreement 
as to which of the available coumarin com- 
pounds is superior. Actually the differences 
in action, for example, between Dicumarol, 
Tromexan, warfarin sodium and phenindione, 
which are the drugs chiefly used for this pur- 
pose in this country today, are so slight that 
it is probable that the choice is largely a mat- 
ter of experience of the individual physician. 
In the hands of an experienced clinician, 
satisfactory results may be obtained with any 
of these drugs; and if therapeutic hypo- 
prothrombinemia is established and main- 
tained by any of them, it is almost certain 
that the same degree of antithrombotic action 
will be obtained and there will be the same 
risk of bleeding in an individual patient as 
would prevail if any other of these drugs were 
used. Of these compounds, only warfarin 
sodium is sufficiently soluble so that a neutral 
solution may be administered intravenously 
or intramuscularly.** Theoretically, warfarin 
sodium is better absorbed than the others 
through the gastrointestinal tract, and should 
have a more predictable effect. Practically, 
however, so many other factors influence the 
response of the particular patient to a certain 
dose of one of these compounds that there is 
little advantage in giving warfarin sodium 
over the other compounds unless it is desirable 
to give the anticoagulant parenterally, because 
of vomiting or some gastrointestinal defect. 

Time. It should still be 
emphasized repeatedly that the coumarin com- 


Prothrombin 


pounds and phenindione should never be 
administered unless the 1-stage determination 
of prothrombin time can be made repeatedly 
to check the effect of the drug and to guide 
the future dosage. It should also be empha- 
size! that in each patient the regulation of 
dosage is an individualized affair, depending 
upon the response as indicated by the results 
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of the test. If the prothrombin time is kept 
within the therapeutic range, the danger of 
bleeding, which is the only serious complica- 
tion of this type of therapy, is minimal. Most 
instances of serious bleeding occur when the 
prothrombin time, either inadvertently or 
through negligence, exceeds the therapeutic 
range. However, it must be remembered that 
bleeding may occur occasionally even when 
the prothrombin time is within the therapeutic 
“ange if the patient has a potentially bleeding 
lesion. For purposes of stopping the anti- 
coagulant action of the coumarin and _ in- 
dandione compounds, vitamin K, is now com- 
mercially available. Its effect is not immediate 
but after its use the prothrombin time almost 
always falls in a matter of a few hours and 
it is the most valuable antagonist** for bring- 
ing the prothrombin activity back to normal 
as rapidly as possible. In some instances, 
transfusion of blood may be indicated to re- 
place blood loss, but such transfusions have 
only slight or temporary effect in lowering the 
prothrombin time. 

In situations in which vitamin K, is indi- 
cated at all, the amount that will be necessary 
to bring the prothrombin time back to nor- 
mal as rapidly as possible is unknown. While 
a dose of 50 mg. may be sufficient for many 
patients, it will not be sufficient for all pa- 
tients, and it is advisable in a serious and 
eritical situation, where bleeding has devel- 
oped, to give at least 250 mg. either orally or 
intravenously. A theoretical objection to a 
large dose of vitamin K, is that this not only 
may restore the prothrombin time to normal, 
but also may make the blood more coagulable 
than it was prior to administration of the 
anticoagulant. However, no tests have indi- 
cated that such hypercoagulability is produced 
by vitamin K, in doses as large as 500 mg. and 
I do not believe that such hypercoagulability 
ever occurs. 

The importance of the 1-stage determina- 
tion of prothrombin time as a guide to therapy 
with the coumarin and indandione compounds 
has been repeatedly emphasized. It is prob- 
able that this test is not an accurate measure 
of either the antithrombotic or the potential 
bleeding effects of these anticoagulants. How- 
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ever, many years of experience by many per- 
sons has demonstrated that it is a good practi- 
cal measure of such effects. The test itself is 
simple and, although there is difference of 
opinion as to the best type of thromboplastin, 
the major reagent to be used in the test, and 
there is great necessity for the laboratory 
personnel to have experience with the throm- 
boplastin that they use and to prepare it 
carefully so that the results of the test are 
reproducible from day to day, accurate tests 
are being performed with good day-to-day 
reproducibility not only in large medical 
centers in large cities throughout the country, 
but also in many small hospitals and small 
communities. 


Since the 1l-stage determination of pro- 
thrombin time was first recommended as a 
guide to the dosage of Dicumarol, many at- 
tempts have been made to develop a simpler 
and more accurate test. To date I do not 
think such a test has been developed and any 


test for this purpose will require prolonged 
usage in many patients before it can be truly 
evaluated. A recent report? has stated that 
coumarin therapy could be controlled satis- 
factorily and simply by determination of the 
coagulation time of whole blood. I would like 
to sound a warning against substituting this 
test for the 1-stage determination of pro- 
thrombin time. In the first place, determina- 
tion of the coagulation time of whole blood 
is subject to many errors and the results can 
be varied by small differences in technic. Even 
when the test is done carefully, if there is 
significant prolongation of the coagulation 
time it usually means that the effect of the 
anticoagulant has exceeded the therapeutic 
range as indicated by the 1-stage determina- 
tion of prothrombin time. Therefore, if the 
coagulation time of whole blood is used as a 
euide, the danger of bleeding will be in- 
creased. 

Admittedly, anticoagulant therapy with the 
coumarin compounds, with its implied neces- 
sity for multiple determinations of prothrom- 
bin time and the need for careful individual- 
ization of dosage schedules for each patient, 
has always been somewhat cumbersome and 
required time and experience on the part of 
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the physician for the securing of optimal re- 
sults. Admittedly also, there has always been 
a desire for a simpler and safer method of 
producing a similar type of anticoagulant 
effect. However, I doubt that, when the 
therapeutic principle of impairing blood 
coagulation is used to prevent thrombosis, it 
will ever be possible to simplify this type of 
treatment or to carry out such treatment 
without repeatedly checking the effect on the 
coagulability of the blood itself. Also, I doubt 
that any new coumarin or indandione com- 
pound or other drug having similar effect will 
be developed that will be superior and easier 
to administer than are the compounds that 
are available at the present time. This should 
not preclude the search for a better, simpler. 
and safer antithrombotic therapeutic prin- 
ciple. 


OTHER THERAPEUTIC CONSIDERATIONS 


Thrombolytic Agents. Although the basic 
mechanical structure of most thrombi is more 
complicated than that of simple blood clots, 
the solidifying element in both is fibrin. Since 
fibrin is a mesh produced by polymerization 
of the cigar-shaped molecules of fibrinogen, 
and since it is well established now that cer- 
tain enzymes (fibrinolysins) destroy this 
mesh, it is a logical step to try to destroy 
fresh thrombi in blood vessels by these fi- 
brinolytie agents. It is known that a fibrinol- 
ysin (plasmin) is present normally in the 
circulating blood, but that under most con- 
ditions it is kept in an inactive state by the 
presence of an antifibrinolysin. 

In recent years research has been carried 
out in an attempt to produce thrombolysis by 
the introduction of 3 different types of fibri- 
nolysins into the blood stream. A basic prob- 
lem in this therapeutic approach has been to 
get the fibrinolysin into the blood stream in 
sufficient concentration without producing 
toxie effects and to get it in actual contact 
with the thrombus. The use of dilute solutions 
of purified trypsin for this purpose has been 
at least temporarily abandoned because of 
toxicity and lack of demonstrable effectiveness 
in producing lysis of known and observable 
thrombi. Also, because trypsin may injure 
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the endothelium of blood vessels at the site of 
injection and produce increased coagulability 
of the blood, actual thrombosis has occurred 
at the site of its injection and in some in- 
stances for a considerable distance from this 
site. Fibrinolysins of bacterial origin, such 
as streptokinase, have had too much pyrogenic 
effect to be of any practical value. More 
recently, concentrates of plasmin, the natu- 
rally occurring fibrinolysin in human plasma, 
sometimes combined with small amounts of 
streptokinase, have been tried,*® but to date 
their use must still be considered strictly ex- 
perimental and potentially hazardous. There 
is at least the theoretical hazard of proteolytic 
action on fibrinogen and other blood proteins, 
and there appears to be some risk of a refrac- 
tory phase, after administration of the plas- 
min is stopped, in which there seems to be an 
increased tendency to progression of throm- 
bosis. In spite of the difficulties and hazards 
of attempting therapeutic thrombolysis with 
fibrinolytic agents, continued research along 
these lines is highly desirable. It should be 
emphasized that thrombolytic effects can be 
expected only in relatively fresh thrombi, not 
more than a few days or certainly a few weeks 
old, since after this time the remainder of all 
thrombi that have not been spontaneously 
lysed have become organized by fibrous tissue. 

Surgical Procedures. The great advances 
that have been made in the technics of vas- 
eular surgery during recent years have re- 
sulted in some brilliant successes in the treat- 
ment of localized thrombotic occlusion in large 
vessels. Ligation of large venous trunks proxi- 
mal to the site of venous thrombi, for the pur- 
pose of preventing pulmonary embolism, is 
done much less frequently now than it was 
a few years ago. However, the successful re- 
moval of recent thrombi in iliofemoral veins 
without coneomitant ligation of these veins 
has recently been reported.** Segmental oc- 
clusion of the abdominal aorta and the iliac 
and femoral arteries by atherosclerosis and 
thrombosis has been attacked by several sur- 
gical technies,?**! including thrombo-endar- 
terectomy, segmental resection, and replace- 
ment by homograft or prosthetic tubes, and 
by-pass operations anastomosing homografts 
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or prosthetic tubes above and below the ob- 
structions without excision of the occluded 
segment. When one considers the tendency 
for blood to clot when exposed to a foreign 
surface, it is truly remarkable that thrombosis 
does not always occur in grafts or prostheses 
or in segments of arteries where thrombo- 
endarterectomy has been carried out. How- 
ever, the number of instances in which sue- 


cessful operations are done and adequate 


circulation is restored without thrombosis in 
the graft, prosthesis or operated segment of 
artery is steadily increasing. Currently, oper- 
ations of the type mentioned are not techni- 
cally feasible for occluded segments in small 
arteries. 

When operations of the type mentioned are 
contemplated, the risk of the operation and its 
chance of success should be carefully balanced 
against the expected benefit to the patient and 
the seriousness of the localized arterial ob- 
struction. The successes that have attended 
this surgical approach to the problem of 
thrombosis in at least one of its phases and 
the steady advance in surgical technies give 
hope of an even greater expansion of this 
therapeutic approach for the future. 


SUMMARY 


The medical profession, with much help 
from the basic sciences, has achieved some 
success in the attack on the problem of throm- 
bosis. The therapeutic approaches are some- 
what crude and much fundamental knowledge 
concerning the pathogenesis of this process is 
lacking. It is equally obvious that we have a 
long way to go to solve the problem. It is 
my opinion that further research is desirable 
in the detection of disturbances of blood 
coagulability that may lead to thrombosis and 
in the development of simplified tests that 
may be used to detect such tendencies. If by 
a test or series of tests of the blood an in- 
creased or imminent risk of thrombosis could 
be predicted, anticoagulant therapy could be 
used more effectively. The problem of the 
etiology and pathogenesis of atherosclerosis, 
which is the basis for most of the arterial 
thrombosis that we have to deal with, is being 
studied from many angles and by many com- 
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petent investigators. These researches should 
be continued and, if possible, expanded. The 
currently used programs of anticoagulant 
therapy should be extended and emphasis 
should be laid on careful individual supervi- 
sion of such therapy. This implies the expan- 
sion of availability of accurate and consistent 
tests to determine the effect of the anticoagu- 
lants. The search should not be abandoned for 
other therapeutic agents that may correct 
hypereoagulability and thrombosing  tend- 
encies of the blood by a different action than 
that of the anticoagulant agents that are 
employed at the present time. Research should 
continue in attempts to develop a safe pro- 
gram and method for the use of fibrinolytic 
agents in the treatment of acute thrombotic 
processes. It is hoped that even further ad- 
vances in vascular surgical technies will lead 
to increased safety and effectiveness of opera- 
tions for the restoration of normal circulation 
where there has been thrombotic occlusion of 
segments of the vascular system. A combina- 
tion of efforts in these directions plus the 


always present possibility of some previously 
unconsidered approach to the problem gives 
hope that thrombosis, the killer and disabler, 
may ultimately be brought under control. 


SUMMARIO IN INTERLINGUA 

Le profession medical—con multe auxilio 
ab le scientias fundamental—ha attingite un 
certe successo in su attacco contra le problema 
del thromboses. Le modos de therapia es satis 
crude, e multe information de base in re le 
pathogenese del processo in question remane 
a diseoperir. Il es obvie que le solution del 
problema non pote esser expectate in le proxi- 
me futuro. In mi opinion, recereas additional 
es desirabile in le detection de disturbationes 
del coagulabilitate sanguinee que pote resutlar 
in thromboses e in le disveloppamento de 
simplificate tests que pote esser usate pro 
deteger tal tendentias. Si le uso de un test 
o de un serie de tests del sanguine poteva 
predicer un risco augmentate o imminente 
de thrombosis, le application de therapia anti- 
coagulante devenirea plus efficace. Le proble- 
ma del etiologia e del pathogenese de athero- 
sclerosis (que es le base del majoritate del 
thromboses arterial que reclama nostre atten- 
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tion) se trova sub investigation ab multe 
punctos de vista e per multe expertos com- 
petente. Iste recerecas debe esser continuate 
e, in tanto que possibile, augmentate. Le 
currentemente usate programmas de therapia 
anticoagulante debe esser extendite con atten- 
tion special prestate al meticulose surveliantia 
individual del regime. Isto significa le desi- 
derato de expander le disponibilitate de ac- 
curate e uniforme tests pro determinar le 
Al mesme tem- 
pore, on non debe abandonar le effortio de 
trovar altere agentes therapeutic que esserea 


effecto del anticoagulantes. 


capace a ecorriger hypercoagulabilitate e ten- 
dentias thrombotisante del sanguine per un 
action differente de illo del presentemente 
usate agentes anticoagulatori. Debe esser con- 
tinuate le recerecos qu visa a disveloppar un 
innocente programma e methodologia pro le 
uso de agentes fibrinolytic in le tractamento 
de acute processos thrombotic. Il es a sperar 
que progressos additional del technicas de 
chirurgia vascular va resultar an ancora plus 
alte grados de securitate e efficacia in le ope- 
rationes que restaura un circulation normal 
in casos in que segmentos del systema vascu- 
lar ha suffrite un occlusion thrombotic. Un 
combination de effortios in iste directiones— 
e le semper presente possibilitate del disco- 
perta de un previemente non considerate mo- 
do de attacear le problema—va_justificar 
nostre spero que thrombosis, causa de morte 
e de invaliditate, pote in fin esser fortiate in 
submission. 
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Treatment of Hypercholesterolemia with 
Nicotinie Acid 


By Ricuarp W. P. Acnor, M.D., KeNNetH G. BerGe, M.D., Netson W. Barker, M.D.. 


BERNARD F. McKeEnzir, M.S. 


Nicotinie acid was administered orally to 33 patients with hypercholesterolemia in doses 
varying from 1.5 to 6.0 Gm. per day for periods of 3 months to 114 years. Significant, 
sustained, and reproducible decreases in the concentration of cholesterol and total lipids 
in the plasma and of serum beta-lipoprotein cholesterol were observed in a majority of 
patients. This form of therapy appears to be effective, practical, and probably free from 


serious harmful effects. 


I 1955 Altschul and co-workers! reported 
a decrease of serum cholesterol in normal 
and hypercholesterolemic individuals follow- 
ing the ingestion of 1 to 4 Gm. of nicotinic 
acid over a 24-hour period. Altschul has also 
described significant decreases of serum 
cholesterol in hypercholesterolemiec rabbits 
when nicotinic acid was administered for 90 
days, and in addition observed that in a 
majority of animals so treated expected 
atherosclerotic lesions were either absent or 
lessened in severity.” * 

These interesting observations led us, with 
Parsons,* to investigate the long-term effects 
of large daily doses of nicotinic acid given 
orally to persons with hypercholesterolemia. 
The findings from this preliminary study were 
sufficiently encouraging to warrant continued 
investigation employing a greater number of 
patients over an even longer period. The 
purpose of this paper is to report our ex- 
perience to date regarding the use of nico- 
tinie acid as a means of lowering increased 
concentrations of blood lipids. 


METHODS 


Individuals were selected for this study if their 
soncentration of plasma cholesterol was consist- 
ently higher than 250 mg. per 100 ml. before 

From the Mayo Clinie and the Mayo Foundation, 
Rochester, Minn. The Mayo Foundation, Rochester, 
Minnesota, is u part of the Graduate School of the 
University of Minnesota. 


treatment with nicotinie acid.” All those selected 
were observed as outpatients at the clinic, where 
they were seen at monthly intervals or more 
frequently if necessary. At each visit pertinent 
observations were recorded and necessary exam- 
inations made. Upon completing 1 year of treat- 
ment, each patient underwent a complete physical 
and laboratory examination. Each was instructed 
to continue during the study whichever diet (un- 
restricted or low in fat) and medications he had 
employed prior to treatment. Therefore, in each 
ease the only change in management was the 
addition of nicotinic acid. 

Initially, all patients were -given 3 Gm. of 
nicotinie acid daily. This amount was usually 
taken on the schedule of 2 capsules (1 Gm.)f 3 
times daily with meals. Whenever possible, 
changes in dosage were made only after a study 
period of at least 3 months in order for the effects 
of a given dose to become stabilized. After each 
patient had completed 6 months of treatment, 
placebo capsules identical in appearance to those 
containing nicotinie acid were substituted in the 
same dosage schedule for an additional 3 months. 
Following this, another 3-month period of nico- 
tinie acid therapy was reinstituted, thus complet- 
ing a year of study. At this time, a change was 
made in either the dosage of the drug or the 


*One patient had a pretreatment concentration of 
plasma cholesterol that averaged 234 mg. per 100 
ml. 

{The nicotinic acid and placebo preparations were 
kindly supplied by the Eli Lilly Company, Indian- 
apolis, Ind. Except for the placebo, each capsule 
contained 0.450 Gm. of nicotinie acid and 0.050 Gm. 
of lactose. For purposes of calculating total dosage, 
the approximation of 500 mg. of nicotinie acid per 
eapsule was used. 
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TABLE 1.—Decreases in Concentration of 
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Blood Lipids Following Treatment with 


Nicotinic Acid* 











Patients 


With lipo- 


protein studies 


Study period 
and change 


19 Pretreat. 337 
0-3 mo. 282 


% decrease 


Pretreat. 


? 


3-6 mo. 
c 


> decrease 
Pretreat. 
6-9mo. (placebo) 
© change 
Placebo 
9-12 mo. 
% decrease 


Plasma 
cholesterol* 


Serum 
beta lipopro- 
tein cholesterolt 


phospholipid Total plasma 


| 

| Cholesterol / 
| ratio lipidst 
| 

| 


1.15 
1.08 
6 


238 
197 


1.09 
1.08 








* Values are averages of all determinations on all patients treated for period indicated. 


+ Concentrations are in milligrams per 100 ml. 


t Beta-lipoprotein cholesterol /alpha;-lipoprotein cholesterol. 


content of fat in the diet. The effects of any such 
change were also observed for 3 months before 
any additional 
initiated. 


alteration in management was 


Samples of blood for analysis were obtained at 
weekly intervals for the first 4 weeks of treat- 
ment and every 2 weeks thereafter for the first 
year. After 1 year, specimens were taken at 
intervals of 4 weeks. Venipunctures and deter- 
mination of blood lipids were done in the elinie 
laboratory as a routine part of the usual work 
load without special labeling or distinction. This 
procedure ensured complete separation of clinical 
management of the patients from determination 
of the concentration of their blood lipids. Plasma 
cholesterol was determined by the method of 
Bloor ;* plasma phospholipids by the Maclay modi- 
fication of the Gomori method;° and total lipids, 
by the method of Bloor.’ Cholesterol in the serum 
lipoprotein fractions® was determined concurrently 
in 16 patients during the first year of treatment 
by the procedure previously described. 


RESULTS AND COMMENT 
At the time of this writing 44 persons have 
begun the program of study previously out- 
lined. Six individuals have not yet completed 
5 months of study. Three additional patients 
stopped treatment shortly after it was started 
because of gastrointestinal effects, which will 


be discussed later. Two other persons moved 


from the city and subsequently have had in- 
Data from the re- 
maining 33 patients, who have been observed 


frequent return visits. 
closely for 3 months or longer, form the basis 
of this report.* 

Plasma Lipids. Following the administration 
of 3 Gm. of nicotinic acid daily for 3 months, 
the concentration of plasma cholesterol de- 


Effect of Treatment on Concentration of 


creased an average of 16 per cent from pre- 
treatment values (table 1). There was also 
a similar decrease (17 per cent) in the con- 
centration of total plasma lipids, and a lesser 
decline (6 per cent) in the cholesterol-phos- 
pholipid ratio. The various ranges of diminu- 
tion in concentration of plasma cholesterol are 
shown in table 2. During the second 3-month 
period of treatment (3 to 6 months) the de- 
crease in 


plasma lipids was the same or 


slightly greater. This improvement may be 
partly explained by the fact that the average 
dose of nicotinic acid per person during this 
second 3-month period was 0.5 Gm. more 


than the original starting amount. During 


*Tabular data on the individual patients are avail- 
able from the authors to those with special interest 
in the subject. 
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the third 3-month period of study (6 to 9 
months), when a placebo was administered, 
concentration of plasma lipids increased so 
that the average values were remarkably 
similar to those obtained prior to treatment 
(table 1). Following the placebo period, 
treatment with nicotinic acid was reinstituted 
with the original dose of 3 Gm. per day be- 
ing used for an additional interval of 3 
months, which then completed 1 year of study. 
The concentration of plasma lipids was again 
decreased, with the degree of diminution 
closely approximating that obtained during 
the initial 3 months of treatment. 

Of the 33 patients, 19 had pretreatment 
concentrations of cholesterol of more than 
300 mg. per 100 ml. of plasma. Following 
treatment for 3 months with nicotinic acid, 
13 of these 19 had a decrease in plasma 
cholesterol of 15 per cent or more, while only 
4 of the remaining 14 persons with pretreat- 
ment levels of less than 300 mg. had a similar 
response. This suggests that persons with 
higher initial concentrations of plasma cho- 
lesterol usually obtain a greater response to 
treatment with nicotinie acid than do those 
with lower pretreatment levels. 

Of the 33 patients treated for at least 3 
months, only 1 failed to achieve a decrease 
in the concentration of plasma lipids; in this 
instance the levels during treatment were 
slightly inereased from those noted before 
treatment and during placebo administration. 
Thus far, 23 patients have maintained con- 
centrations of plasma cholesterol that have 
averaged less than 260 mg. for at least 1 
3-month period of treatment with nicotinic 
acid. 

Effect of Treatment according to Sex, Age, 
and Diagnosis. An effort was made to deter- 
mine whether various groups of patients 
showed significant differences in response to 
therapy. The women had only slightly higher 
pretreatment concentrations of plasma cho- 
lesterol than did the men, yet their response 
to treatment was nearly twice as great. Al- 
though patients 48 years of age or older had 
a greater decrease in concentration of plasma 
cholesterol than did those less than 48, half 


TABLE 2.—Percentage Decrease in Concentration of 
Plasma Cholesterol from Placebo or Pretreatment 
Values Following Therapy with Nicotinic Acid 


Patients treated for indicated period with indi- 
Average cated average dose (Gm./day) of nicotinic acid 
decrease 

in plasma cho- | | | 
lesterol, % 0-3 mo 3-6 mo. | 9-121 | 12-15 mo. 

| 

| 

| 


(3 Gm.) (3.5 Gm.) (5 Gm.) 


Increased 
0-14 
15-29 


30-44 


Total 16 





* During the third 3-month period (6-9 mo.) a 
placebo was given. 
the older group were women. Hence, the 
more favorable response to treatment ex- 
hibited by the older age group is probably 
related to the greater proportion of women 
in this group. The grouping of patients into 
those with familial hypercholesterolemia, 
those with disease of the coronary arteries, 
and those with arterial hypertension did not 
reveal any significant differences in response 
to treatment from that obtained by the entire 
group. As more information was obtained 
regarding relatives of the patients in this 
study, more of them could be classed as hav- 
ing familial hypercholesterolemia. It seems 
likely that if sufficient data were available 
the hypercholesterolemia of nearly all our 
patients might be termed ‘‘familial,’’ and 
therefore such distinction serves no useful 
purpose. 

Effect of Increased Dosage on Concentra- 
tion of Plasma Lipids. The effects on plasma 
lipids when the dose of nicotinic acid was 
increased were studied on 17 oceasions, with 
With the excep- 
tion of 4 occasions, each increase in the daily 


the results shown in table 3. 


amount of nicotinie acid produced a definite 
further decrease in the average concentration 
of cholesterol and total lipids in the plasma 
as compared with values resulting from the 
lesser dose. Decreases in the cholesterol- 
phospholipid ratio also occurred, but these 
were small. As seen in table 2, 48 per cent 
of all patients treated initially with 3 Gm. 
of nicotinie acid daily for 3 months obtained 
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TasLe 3.—Decreases in Concentration of Plasma 
Lipids Following Increased Doses of Nicotinic Acid 


| Daily Plasma 


Cholesterol / Total plasma 
dose |  cholesterol* | phospholipids* lipids* 
Pa- | of nic- | | 
tients | otinic l | 

| acid, | Mg./ ! | | Mg./ 
| Gm. |} 100 | % de-| Ratio & de- 100 % de- 
}. 


ml | crease crease ml. crease 
| 


} 1.02] - 698 | — 

0.94 | ‘ 612 12 
| 0.92 | | 604 
| 1.08 807 
| 1.08 | | 738 
| 1.07 | 654 





. 
944 ~ 
826 | 13 
670 | 29 


1.20 
| 1.18 


| 6.0 | 285 | 2 | 1.16 





| 


| 
| 
| 
| 
| 
| 


| 





* All values are averages for treatment periods of 

3 months. 
a lowering of plasma cholesterol by 15 per 
cent or more. When the average daily dose 
per person was 3.5 Gm., 67 per cent of the 
patients achieved a similar decrease in the 
plasma cholesterol. Following the period of 
placebo administration, 3 Gm. per day of 
nicotinic acid was again given for another 
3-month period, and again one half of the 
patients obtained a decrease of 15 or more 
per cent in the level of plasma cholesterol. 
Subsequently, an average daily dose of 5 Gm. 
of nicotinic acid was administered for 3 ad- 
ditional months, which resulted in a redue- 
tion in the concentration of plasma cholester- 
ol of 15 or more per cent in 82 per cent of 
the patients. From these observations it 
appears that most patients who fail to ob- 
tain a satisfactory decrease in cholesterol 
when treated with nicotinic acid in daily doses 
of 3 Gm. or less will respond further to in- 
creased doses of the drug. 

Diet. At the beginning of the study 16 of 
the 33 patients were eating diets without 
restriction of fats, 8 avoided ‘‘extra fat’’ in 
their meals but did not follow any precise 
diet, 7 were attempting to adhere to diets 
that contained 40 Gm. or less of fat per day, 
and 2 were following diets low in calories for 
reduction of body weight. Although the pa- 
tients were instructed to continue on these 
sume dietary programs during the study, it 
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became apparent that many did not do so, 
especially those with diets severely restricted 
in fat content. Because of these variations 
in diet and because it was not practical for 
our patients to eat diets uniform in fat con- 
tent prepared at a diet kitchen, we could not 
accurately assess the effect of diet in this 
study. However, since the  pretreatinent 
values for plasma lipids were very similar 
to those obtained during placebo administra- 
tion, it is believed that dietary variations did 
not influence significantly the results obtained. 
This is supported further by the finding that 
16 patients experienced little change in 
weight during treatment for 1 year, 6 gained 
a combined total of 37 pounds, 9 lost a com- 
bined total of 37 pounds, and 1 had no change. 

Effect of Treatment on Concentration of 
Lipoprotein Cholesterol in Serum.  Deter- 
minations of lipoprotein cholesterol in the 
serum were carried out in 19 patients of 
whom 16 were observed for 1 year (table 1). 
The percentage decrease of serum beta-lipo- 
protein cholesterol following treatment with 
nicotinic acid closely paralleled the percentage 
decrease of total plasma cholesterol during 
each period of therapy. Simultaneously, 
there was a similar percentage increase in 
the concentration of the serum alpha,-lipo- 
protein cholesterol. These changes resulted 
in considerable decrease in the ratio of beta- 
lipoprotein cholesterol to alpha,-lipoprotein 
cholesterol, hereinafter referred to as the 
‘*beta/alpha,; ratio.’’ Previous data® have 
shown that 95 per cent of normal young 
women have beta/alpha,; ratios of less than 
3.8. This value, or less, was attained during 
some period of treatment with nicotinic acid 
in 11 of 18 patients whose ratios were greater 
than 3.8 before treatment or during placebo 
administration. 

It is clear that further study is needed in 
order to establish what, if any, practical 
advantages are to be gained from a knowledge 
of the serum lipoprotein fractions. Our ex- 
perience indicates that variations in total 
plasma cholesterol are nearly always asso- 
ciated with similar changes in the beta-lipo- 
protein cholesterol, but with the alpha,-lipo- 





"REATMENT OF HYPERCHOLESTEROLEMIA 


TABLE 4.—Symptoms and Signs Occurring with Nicotinic Acid Therapy 


Initial effects, 1-14 days 
(44 patients) 


Signs and symptoms 
Patients 


‘utaneous Severe 29 
flushing, —- —— 
burning, and Moderate 11 
pruritus 


Mild 


None 


\norexia and nausea 


nereased hair growth (?) 


lerpes simplex 


ityriasis rose¢ 


Dry taste in mouth 2 











Late effects 
(41 patients) 


Duration, days 


Patients 











* Three patients stopped study as a result of symptoms. 


+ One patient had esophagitis which subsided. 


protein cholesterol varying in the opposite 
direction. We believe that an accurate deter- 
mination of total blood cholesterol is adequate 
in most instances and offers the most practi- 
val method for planning and assessing the 
results of therapy in patients with hyper- 
cholesterolemia. 

Symptoms and Signs during Therapy. 
Symptoms and signs associated with the 
idministration of nicotinic acid are shown 
n table 4 for all 44 persons who started 
reatment. The complaints of cutaneous 
lushing, pruritus, and mild urticaria were 
ioted by all patients at the onset of treat- 
nent and were of moderate to marked sever- 
ty in 91 per cent. An interesting feature 
f this reaction was the rapid decrease in 
‘everity noted by most patients so that after 
} days of treatment only 43 per cent had 
evere reactions, and after 2 weeks only 14 
er cent noted similar effects. Several per- 
ons had severe skin flushing and itching 
vith only the first 1 or 2 doses. Of the 30 
vatients who had persistence of flushing or 
ruritus after 2 weeks of treatment, 18 ex- 


perienced this effect only after the first morn- 
ing dose. Most patients noted that the degree 
of flushing was lessened considerably by tak- 
ing the nicotinic acid with meals, and this 
procedure was usually recommended.  Fol- 
lowing reinstitution of therapy after admin- 
istration of the placebo or after lapses in 
taking the medication, flushing again became 
prominent and followed the original pattern 
of reaction. When doses of nicotinic acid 
were increased there was rarely any increase 
in flushing, and 6 persons flushed less while 
taking the increased dose. In no instance 
was treatment with the drug discontinued 
because of these cutaneous side-effects. 
Anorexia, nausea, and occasionally fre- 
quent soft stools were complained of by 18 
per cent of the patients during the first 2 
weeks of nicotinic acid therapy. Three 
women felt that these complaints were suf- 
ficiently disagreeable to discontinue treat- 
ment altogether. After 2 weeks of therapy 
only 3 additional people (7 per cent) ex- 
perienced gastrointestinal complaints to any 
appreciable degree, and therapy was not stop- 
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ped in these instances. In 1 woman who had 
a previously known diaphragmatic hernia, 
esophagitis developed while she was taking 
6 Gm. of nicotinic acid daily, but this sub- 
sided following appropriate treatment and 
reduction of the medication to 4.5 Gm. 
per day. 

Iferpes simplex, pityriasis rosea, and a 
questionable increase in growth of facial hair 
were noted in 2 instances each during the 
treatment period, but these could not be 
definitely attributed to therapy with nicotinic 
acid. 

While receiving treatment with nicotinic 
acid many patients reported subjective im- 
provements in well-being which were not ob- 
served during the period of placebo admin- 
istration, but there did not appear to be any 
consistent relationship between subjective 
reactions and objective findings. It is ap- 
parent that the taking of a drug with such 
an obvious effect on the patient (cutaneous 
flushing and itching) as well as the con- 
tinued interest shown by symphathetice phy- 
sicilans must exert a considerable psychologic 
effect. For this reason it is difficult to make 
any firm conclusions based on subjective eval- 
uation. With this in mind, it can be said 
that none of the patients with angina pec- 
toris had any increase in their symptoms while 
being treated with nicotinie acid, and most 
of them considered that they were improved 
in this regard. In contrast, it must be pointed 
out that 1 patient sustained an acute myo- 
cardial infarction during treatment. He has 
continued to take the drug, however, and his 
recovery has been uneventful. Two addi- 
tional patients died suddenly and unexpect- 
edly while taking the placebo following 6 


months of therapy with nicotinie acid. 


Necropsy revealed extensive coronary athero- 


sclerosis as the cause of death in both pa- 
tients. It seems unlikely that treatment with 
nicotinie acid had any part in the deaths of 
these patients, but the possibility cannot be 
entirely excluded. 

After 1 year of study all patients under- 
went a complete physical and laboratory 
examination including electrocardiograms and 
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tests of hepatic and renal function in a 
further attempt to evaluate the effects of 
treatment with nicotinie acid. No untoward 
results were noted. 

Mechanism of Action. The mechanism by 
which nicotinic acid reduces the concentra- 
tion of blood lipids is not known. Altschul 
and co-workers have suggested that intracellu- 
lar oxidation might be enhanced with a 
greater formation of oxycholesterols, and that 
this form may be more readily excreted than 


cholesterol. 


SUMMARY 


On the basis of our observations on 33 pa- 
tients with hypercholesterolemia, it appears 
conclusively established that in most in- 
stances large doses of nicotinic acid admin- 
istered orally for periods of 3 months to 114 
years significantly decrease the concentration 
of plasma cholesterol, total lipids, and serum 
beta-lipoprotein cholesterol. This decrease 
can be maintained for periods exceeding | 
year, but disappears when treatment is stop- 
ped. The degree of response to treatment 
varies widely but is reasonably reproducible 
for each individual. 

A distinct relationship between dose and 
effect has been demonstrated for individual 
patients as well as for the group in which 
changes in dose were studied. Increasing 
the daily dose of nicotinic acid resulted in 
further lowering of concentration of the blood 
lipids from those values obtained following 
administration of a lesser dose. This result 
was reversed when the amount of nicotinic 
acid was decreased. By using nicotinie acid 
in amounts of 3 Gm. per day and by increas- 
ing this dose as needed, three fourths or more 
of patients with hypercholesterolemia  ob- 
tained a satisfactory decrease of their blood 
lipids. Thus far, 6 Gm. of nicotinic acid 
daily is the largest amount we have used. 

Those persons with higher initial concentra- 
tions of cholesterol in the plasma usually ob- 
tained a greater response to treatment than 
did those whose values were lower before 
treatment. As a group, women had a con- 
siderably better result than did men, The 





TREATMENT OF HYPERCHOLESTEROLEMIA 


diets of the patients were not changed during 
the study, and the data suggest that diet re- 
mained a rather constant factor which did 
not appreciably influence the results. 

Side reactions to treatment, while frequent, 
did not create any marked problems of man- 
agement. Severe cutaneous flushing and 
pruritus occurred in nearly all patients when 
treatment with nicotinic acid was started, but 
this usually subsided rapidly. Many per- 
sons experienced mild flushing subsequently, 
but this did not constitute an appreciable 
limitation to therapy. Anorexia and nausea 
occurred much less frequently than did the 
cutaneous effects, but were sufficiently dis- 
agreeable in 3 women to cause them to dis- 
continue treatment permanently. Thorough 
physieal and laboratory examinations re- 
vealed no evidence of other untoward effects 
from treatment. 

Nearly all patients experienced subjective 
improvement in well-being that seemed un- 
related to any objective findings. No in- 
crease in severity of angina pectoris was 
noted by patients who had this symptom, and 
many experienced less angina during treat- 
ment. Two patients died suddenly as a result 
of atherosclerotic heart disease during the 
period of placebo administration, and another 
sustained an acute myocardial infarction 
while on treatment with nicotinic acid. There- 
fore, while this form of treatment appears 


safe, further observations will be necessary 


to verify this impression. 

It is not within the scope of this paper to 
diseuss whether or not therapy designed to 
lower abnormally increased concentrations of 
blood lipids is an effective form of treatment 
or prophylaxis for atherosclerosis. However, 
if such a goal is desired, then large oral doses 
of nieotinie acid appear to offer yet another 
means by which blood lipids may be decreased. 
In our experience this method has been highly 
effective, very practical to carry out, and 
is probably quite safe. Further investiga- 
tion, especially comparative studies with 
other forms of therapy, is needed before the 
proper role can be assigned to such use of 
nicotinie acid. 


SUMMARIO IN INTERLINGUA 

Super le base de nostre observationes in 
33 patientes con hypercholesterolemia, il pare 
definitivemente establite que in le majoritate 
del casos grande doses de acido nicotinie ad- 
ministrate oralmente durante periodos de 
inter 3 menses e 114 annos effectua reduc- 
tiones significative in le concentration del 
cholesterol in le plasma, del lipidos total, e 
del cholesterol de lipoproteina beta in le sero. 
Iste reduction pote esser mantenite durante 
periodos de plus que un anno, sed illo dispare 
quando le tractamento es interrumpite. Le 
grado del responsa al tractamento varia 
grandamente ab un patiente al altere, sed 
illo es satis reproducibile in un subjecto in- 
dividual. 

Un distincte relation inter le magnitude 
del dose e su effecto esseva demonstrate in 
patientes individual e etiam in gruppos in 
que variationes de dosage esseva_ studiate. 
Augmentos del dose diurne de acido nicotinic 
resultava in reductiones additional del con- 
centration de lipidos del sanguine in com- 
paration con le valores jam obtenite per le 
administration de doses plus micre. Iste re- 
sultato se reverteva quando le quantitate del 
acido nicotinic administrate esseva reducite. 
Per le uso de acido nicotinic in doses de 3 ¢ 
per die, sequite per augmentos de dosage in 
tanto que indicate, tres quartos o plus del 
patientes con hypercholesterolemia obteneva 
reductiones satisfactori del lipidos in lor 
sanguine. Usque al tempore presente, 6 g de 
acido nicotinie per die es le maximo unquam 
usate. 

Patientes con plus alte concentrationes 
initial de cholesterol in lor plasma obteneva 
usualmente plus pronunciate responsas sub 
le tractamento, comparate con patientes in 
qui le valores esseva minus elevate ante le in- 
stitution del therapia. 
gruppo total, feminas monstrava considera- 


Considerate como 


bilemente melior resutlatos que homines. Le 
dieta del patientes non esseva alterate durante 
le tractamento. Le datos colligite reflecte le 
facto que le dieta esseva un factor satis con- 
stante que non exerceva ulle considerabile 
influentia super le resultatos. 
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Le reactiones lateral provocate per le trac- 


tamento esseva numerose sed non represen- 
tava major problemas therapeutic. Sever 
grados de rubor cutanee con prurito oceur- 
reva in quasi omne la patientes quando le 
tractamento con acido nicotinic esseva ini- 
tiate, sed in le majoritate del casos iste pheno- 
meno subsideva rapidemente. Minus _pro- 
nuneiate grados de rubor esseva experieniate 
subsequentemente per multes del patientes, 
sed isto non constitueva un serie obstaculo al 
therapia. Anorexia e nausea oceurreva multo 
minus frequentemente que le effectos cutanee, 
sed illos esseva sufficientemente disagradabile 
pro inducer le patiente a interrumper le trac- 
tamento permanentemente in non plus que 
3 casos. In omne istos il se tractava de fe- 
minas. Meticulose examines physic e labo- 
ratorial revelava mulle signo de altere effectos 
adverse de iste forma de tractamento. 

Quasi omne le patientes experientiava un 
melioration subjective de ben-esser que pareva 
esser sin relation a ulle constatation objec- 
tive. Nulle augmento del severitate de angina 
de pectore esseva notate per patientes qui 
habeva iste symptoma, e multes experientiava 
minus angina durante le curso therapeutic. 
Duo patientes moriva subitemente in conse- 
quentia de atherosclerotic morbo cardiae du- 
rante un periodo de administration de un 
medicina fictitie. Un altere patiente suffreva 
un acute infarcimento myocardial durante le 
curso de acido nicotinic. Per consequente, 
ben que il pare que iste forma de tractamento 
es disproviste de risco, observationes addi- 
tional es requirite pro confirmar iste im- 
pression. 

I] non es parte del objectivos del presente 
reporto de discuter si o non un therapia que 
visa a reducer anormalmente alte concentra- 
tiones de lipidos in le sanguine es un efficace 
forma de therapia o de prophylaxe contra le 
oceurrentia de atherosclerosis. Tamen, si le 
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effectuation de tal reductiones es desirate, 
grande doses de acido nicotinic representa 
apparentemente un medio additional pro re- 
ducer le nivello del lipidos in le sanguine. 
In nostre experientia iste methodo ha essite 
efficacissime, multo practice in su application, 
e apparentemente satis libere de risco. In- 
vestigationes additional, specialmente studios 
comparative con altere formas de therapia, 
es requirite ante que le rolo definitive de iste 
maniera de usar acido nicotinic pote esser 
determinate. 
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A Method for the Detection and Estimation of Aortic 
Regurgitant Flow in Man 


By EvuGcene Braunwa.p, M.D., anv ANDREW G. Morrow, M.D., F.A.C.S. 


When a diastolic murmur is present at the base of the heart, it may be difficult on 


clinical grounds to determine whether or not aortic insufficiency is present. 


Further, in 


patients in whom this lesion definitely exists, the magnitude of aortic regurgitant flov 
has been the subject of considerable speculation among both clinicians and physiologists. 
A technic has been devised that not only makes possible the detection of aortie insuffi- 
ciency but also permits an estimate of the regurgitant volume to be made. 


HE clinical and hemodynamic charac- 

terization of valvular heart disease has 
been limited by difficulties in the recognition 
and measurement of regurgitant flow. The 
present communication describes a_ technic 
whereby aortic regurgitant flow in man may 
be detected and its magnitude assessed. In 
the absence of aortic regurgitation, retrograde 
blood flow in the aortic arch is minimal. In 
the presence of aortic regurgitation, however, 
reverse flow in the aortic arch is increased! 
and the volume of this retrograde arterial 
flow, in excess of that which occurs normally, 
is the volume of blood which regurgitates. An 
estimate of the magnitude of aortic regurgita- 
tion may be obtained by injecting an indica- 
tor dye into the descending aorta and detect- 
ing its presence upstream. With the detec- 
tion site held constant, the lowest point in 
the descending aorta from which injected dye 
regurgitates is determined. The volume of 
blood contained within the segment of aorta 
between this point and the detection site dur- 
ing diastole represents the volume of reversed 
aortic flow; this in turn is a function of aortic 
regurgitant flow. 


EXPERIMENTAL TECHNICS 


Aortic dye injections and pressure measure- 
ments were made through a no. 6 eardiae catheter 
which had been advanced through a no. 12 thin- 
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wall needle introduced pereutaneously into the 
femoral artery.” A Wood ear-oximeter® placed on 
the right ear was employed for the detection of 
indicator dye in the ascending aorta. Since the 
blood supplying the right ear is derived from the 
innominate artery, the presence of dye in the 
ascending aorta results in perfusion of the right 
ear with blood containing dye. A Statham P23A 
transducer was employed in the measurement of 
central aortic pressure and a cathode ray photo- 
graphic instrument was used for the recording 
of dye curves and aortic pressures. Indigo ecar- 
mine was employed as the indicator dye, since it 
could be injected repeatedly without skin dis- 
coloration.‘ The dye was injected slowly enough 
to insure that the injection period included at 
least one complete diastole. In order to minimize 
baseline shifts, most of the patients inhaled 100 
per cent oxygen during th: procedure. 

Under fluoroscopic control the catheter tip was 
introduced into the ascending aorta. Following 
the measurement of pressures, the catheter was 
withdrawn to the mid-point of the aortie arch. 
Dye was then injected at 2-em. intervals as the 
catheter was withdrawn into the descending aorta. 
The position of the catheter tip at the lowest 
point from which injected dye could be detected 
in the right ear was then recorded roentgeno- 
graphieally (fig. 1). 


RESULTS 

A total of 26 patients has been studied. No 
complications from the aortic catheterization 
occurred. The most distal sites in the aorta 
from which injected dye was detected in the 
right ear are indicated in figure 2. The 7 
patients employed as controls had neither 
clinical nor hemodynamic findings suggestive 
of aortic regurgitation. Dye injected into 
the aorta immediately distal to the aortic 
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Fig. 1. Diagrammatic representation of the technic 
employed in the detection and estimation of the mag 


nitude of aortie regurgitant flow. 


arch could not be detected in the right ear 
during its primary circulation in any of these 
patients (figs. 2A and 3). 

In contrast to the above findings, in all 10 
patients in whom there was firm clinical evi- 
dence of aortic regurgitation, dye injected 
into the descending aorta could be detected 
in the right ear. The most distal sites in the 
aorta from which dye could be detected in 
these patients are indicated in figure 2B. 
These sites were referred to the corresponding 
vertebral bodies; the levels ranged from T-6 
to L-2. 

Patient A (fig. 2C) was considered to have 
pure aortic stenosis on the basis of clinical 
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examination. However, the detection of dye 
in the right ear immediately following injec- 
tion into the descending thoracic aorta at the 
level of the seventh thoracie vertebra, sug- 
gested the presence of aortic regurgitation. 
This was subsequently confirmed at postmor- 
tem examination. 


Six patients had mitral valve disease, pul- 


monary hypertension, and high-pitched dias- 
tolic murmurs along the left sternal border 
without the peripheral circulatory dynamics 
of aortic regurgitation. It was not possible 
to ascertain whether the murmur represented 
pulmonic insufficiency, aortic insufficiency, or 
a combination of these lesions. The detection 
of dye in the right ear after injection into the 
descending thoracic aorta indicated — that 
aortic insufficiency was present in 5 of these 
patients (fig. 2C, patients C, I, T, U, V). 
In the sixth patient (fig. 2C, patient S) there 
was no reflux of dye injected from a point 
distal to the aortic arch, a finding thought to 
exclude the presence of significant aortic re- 
curgitation. 

In 1 patient (fig. 2C, patient F) a murmur, 
thought to be continuous, was audible at the 
base of the heart. The differential diagnosis 
was between a left-to-right shunt and com- 
bined aortic stenosis and insufficiency. The 
presence of dye circulating through the right 
ear following its injection into the descending 
aorta suggested that the patient had aortic 
insufficiency. The presence of a left-to-right 
shunt was subsequently excluded by other 
diagnostic studies. 

Patient W (fig. 2C) presented the typical 
clinical and hemodynamic findings of con- 
genital aortic stenosis. In addition there was 
a grade II blowing diastolic murmur over 
the aortic area. Angiocardiography demon- 
strated a subvalvular obstruction in the out- 
flow tract of the left ventricle. Dye injected 
into the descending aorta at the level of T-8 
was detected at the right ear. Postmortem 
examination confirmed the presence of the sub- 
valvular obstruction. The aortic valve leaflets 
were thickened, did not approximate com- 
pletely, and the valve was obviously incom- 
petent. 
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AND ESTIMATION OF AORTIC FLOW 


The most distal site in the aorta from which injected dye could be detected in the 


right ear. Left A. Patients without evidence of aortic regurgitation. Middle B. Patients with 


clinical evidence of aortic regurgitation. 


DISCUSSION 


Since Corrigan’s classic description of the 
bounding pulse in patients with aortic re- 
gurgitation, clinicians and physiologists alike 
have speculated on the magnitude of aortic 
reflux.° Several investigations have suggested 
that only relatively small volumes 


of aortic 
tolerated.® 7 Recent 
experiments on metered aortic regurgitant 
flow in the dog have shown that acutely pro- 
duced regurgitant flows in excess of resting 
forward cardiac output are accompanied by 
substantial depression of the forward cardiac 
output and marked elevations of left ventricu- 
lar end-diastolic pressure.’ Other investiga- 


regurgitation could be 


tors®!? have suggested that regurgitant vol- 
umes may be equal to or even exceed forward 
cardiae output. The recent observations of 
Warner and Toronto! are in accord with this 
view. 


Right C. Other patients discussed in the text. 


It was therefore of interest that in patients 
with clinical evidence of severe aortie regur- 
gitation, there was a reflux of dye into the 
ascending aorta following its injection into 
the abdominal aorta. Such observations in- 
dicated that the volume of regurgitant flow 
could be quite large. An attempt was then 
made to utilize the data obtained in an estima- 
tion of the magnitude of aortic regurgita- 
tion. This was done by determining the ap- 
proximate volume of blood contained in the 
aorta between the origin of the innominate 
artery and the lowest point from which the 
injected dye was detected. The patient’s 
total aortic volume was estimated from the 
aortic deter- 
mined in human cadavers by Remington, 
Noback, Hamilton, and Gold.!® The patient’s 
mean diastolic central pressure was 
determined by planimetric integration and 


pressure-volume relationships 


aortic 





TABLE 1. 





Central 
aortic pressure 
(mm. Hg) 


Estimated 


Patient total aortic vol. 


S/d m.d 


106/29 
142/74 
120/63 
129/49 


138/45 
82/51 
96/54 
82/42 
89/46 





S$ =systolic pressure. 
d =diastolic pressure. 
m. d. =mean diastolic pressure. 


was used together with the age and body sur- 


face area for the determination of diastolic 
aortic volume from the published graph of 
Remington et al. 

The total aorta was divided into 4 anatomic 
divisions. On the basis of caleulations de- 
rived from anatomic studies'*:™ it was pos- 
sible to assign a fraction of the total aortic 
volume to each of these sections. In this man- 
ner the ascending aorta was estimated to 
contain 19.8 per cent of the total aortic vol- 
ume, the aortic arch 13.5 per cent, the de- 
scending thoracic aorta 46.0 per cent, and the 
abdominal aorta 20.7 per cent. The descend- 
ing thoracic aorta was subdivided into seg- 
ments corresponding to the related vertebral 
(T-6 to T-12); 6.6 per cent of total 
aortic volume then corresponded to the de- 
scending thoracic aortic segment in front of 
each vertebral body. 


bodies 


Similarly, the abdomi- 
nal aorta was subdivided into 4 parts, one 
for each of the upper four lumbar vertebral 
bodies; 5.2 per cent of the total aortic vol- 
ume was assigned to each lumbar aortic 
segment. 

From the above calculations it was pos- 
sible to determine the fraction of the total 
aortic volume that regurgitated. This was 
represented by the volume between the tip 
of the injection catheter and the origin of 
the innominate artery. Since the total aortic 


volume could be estimated from the data of 


ie 
aortic vol. 
which 
regurgitated 
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Estimated Aortic Reflux in Patients with Clinical Signs of Aortic Regurgitation 


Total Estimated aortic regurgitant flow 
L./min. | L./min./M.2 


ml./beat 


70 70 
30 | 50 
62 73 
47 63 
53 32 
53 60 
34 
43 
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Remington et al.'* the regurgitation per beat 
could be calculated. The results in the 10 
patients (fig. 2B) with of aortic 
regurgitation are presented in table 1. The 
estimated regurgitant stroke indices ranged 
from 13 to 43 ml. per M.* B.S.A., while the 
estimated total aortic regurgitant flows ranged 
from 1.8 to 5.6 I.. per minute. 

The approximate of these eal- 
culations is well The major 
sources of error appear to be: 1. The average 
values for total aortic volume were obtained 
from a relatively small group of cadavers." 
Considerable variation in 


evidence 


nature 
recognized. 


these volumes oe- 
curs in any given age group. 2. Average 
values were also employed in the partition 
of the total aortic volume.'*)' 3. The pres- 
sure-volume relationships of the aorta in pa- 
tients with 
differ from 
circulatory disease studied by Remington. 
4. The regurgitant volume calculation is based 
on an estimation of reverse flow in the aorta 


well 
the subjects without 


aortic regurgitation may 


those in 


alone and no consideration has been given to 
the regurgitant volume contained in other ar- 
teries, which may be considered to be in paral- 
lel with the aorta. On this basis it is likely 
that the aortic regurgitant flows were under- 
estimated. In spite of these limitations in ac- 
curacy, the volumes 
least an approximation of regurgitant flow. 
The presence of aortic regurgitation can be 


ealeulated furnish at 
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Fig. 3. Dye-dilution curves recorded from the right 
ear following injection into the aorta at the level 
of the aortie valve (left) at the origin of the in 
nominate artery (center) and 1 em. distal to the 
origin of the innominate artery (right) in a patient 
without clinical or hemodynamic evidence of aortic 
regurgitation (patient E, fig. 24). Vertical arrows 
indicate midpoints of injection. Vertical time lines 
equal 1.0 second. 


demonstrated merely by the detection of dye 
in the right ear following an injection at any 
level distal to the aortie arch. The procedure 
has been found of particular value in the as- 
sessment of patients in whom the diagnosis of 
aortic insufficiency is in doubt. Among these 
are patients with highpitched, decrescendo 
diastolic murmurs at the left sternal border. 
The exclusion of aortic regurgitation by this 
technie may be helpful in more clearly de- 
fining the incidence of pulmonic incompetency 
as well as the clinical and hemodynamic pic- 
ture with which this lesion is associated. Also 
it is of interest that significant aortic regurgi- 
tation has been detected in a patient without 
the characteristic murmur (patient A, fig. 
2C) and in another (patient W, fig. 2C) whose 
predominant lesion was subvalvular aortic 
stenosis. In patients with left-to-right shunts 
originating from the aortie root, blood also 
regurgitates into the ascending aorta during 
diastole and the technie described permits es- 
‘imation of the diastolic component of the 
shunt. As has been described elsewhere'® the 
lifferential diagnosis between such a shunt 
ind aortic insufficiency can be made by inject- 
ng dye into the ascending aorta and noting 
he contour of the dilution curve obtained 
rom the femoral artery. 

The method has already proved of value in 
issessing the magnitude of regurgitation in 
atients with mixed aortic valve lesions being 
selected for aortic commissurotomy. It also 
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Fig. 4. Dye-dilution curves recorded from the right 
ear following injection into the aorta at various 
distanees from the origin of the innominate artery 
in a patient with clinical and hemodynamic evidence 
of severe aortic regurgitation (patient H, fig. 2B 
and table 1). The lowest point in the aorta from 
which dye could be detected in the right ear was 20 
em. distal to the origin of the innominate. 


furnishes an index of the effect of the opera- 
tion on the aortic regurgitant flow. Although 
the technic is not directly applicable in the 
measurement of aortic regurgitation before 
and after the insertion of a Hufnagel valve, 
it should prove useful in assessing the ef- 
fectiveness of prostheses placed into the 
ascending aorta or left ventricle. 


SUMMARY 


A method for the detection and estimation 
of the magnitude of aortic regurgitant flow in 
man is deseribed. Aortic regurgitant flow was 
detected by the injection of indicator dye at 
various levels in the descending aorta through 
a catheter introduced percutaneously from 
the femoral artery. The lowest point in the 
descending aorta from which injected dye re- 
gurgitated back to the ascending aorta and 
perfused the right ear was determined by 
means of an oximeter placed on the right ear. 

In all 7 patients without aortic regurgita- 
tion dye injected distal to the aortic arch 
could not be detected in the right ear. In all 
10 patients with clinical and hemodynamic 





Fig. 5. Roentgenogram showing the location of the 
catheter at the lowest point in the aorta from which 
the injected dye could be detected in the right ear 
of the patient with severe aortic regurgitation whose 
dye eurves are illustrated in figure 4 (patient H, fig. 
2B and table 1). 


evidence of aortic regurgitation, dye injected 
into the descending aorta regurgitated to the 
ascending aorta. The technie was also found 
useful in demonstrating aortic insufficiency in 
patients with diastolic murmurs at the base 
of the heart, but without other hemodynamic 
evidence of aortic valve disease. 

Employing aortie pressure-volume relation- 
ships obtained from human cadavers the mag- 
nitude of aortic regurgitant flow was esti- 
mated. In 10 patients with aortie insuffici- 
eney the estimated regurgitant flow ranged 
from 1.2 to 2.8 L. per minute per M.? B.S.A. 


SUMMARIO IN INTERLINGUA 


Es describite un methodo pro le detection 
e estimation del magnitude de aortic fluxos 
regurgitante in humanos. Le presentia de iste 
condition esseva detegite per le injection de 
un colorante indicatori a varie nivellos in le 
aorta descendente per medio de un catheter 


BRAUNWALD AND MORROW 


introducite pereutaneemente ab le arteria 
femoral. Le plus basse puncto in le aorta 
descendente ab ubi le colorante esseva_ re- 
gurgitate verso le aorta ascendente con le con- 
sequente perfusion del aure dextere esseva 
determinate per medio de un oxymetro placi- 
ate al aure dextere. 

In omnes de 7 patientes sin regurgitation 
aortic, colorante injicite a un puncto distal 
con respecto al arco aortic non poteva esser 
detegite in le aure dextere. In omnes de 10 


patientes con signos clinie e hemodynamic de 


regurgitation aortic, colorante injicite in le 
aorta descendente esseva regurgitate verso le 
aorta ascendente. Le technica se provava 
utile etiam in demonstrar insufficientia aortic 
in patientes con murmures diastolic al base 
del corde sed sin altere signos hemodynamic 
de morbo del valvula aortic. 

Super le base de relationes inter pression 
e volumine aortic determinate in cadaveres 
human, le magnitude del regurgitante fluxo 
aortic esseva estimate. In 10 patientes con 
insufficientia aortic le estimate fluxo regurgi- 
tante variava inter 1,2 e 2,8 litros per minuta 
per metro quadrate de superficie corporee. 
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Material for an analysis of the pathogenesis and course of acute peripheral arterial oc- 


clusion was provided by patients with acute 
terial injection studies of amputated limbs, 
from an experimental investigation of acute 
tive study offers a basis for the evaluation 
and treatment of acute ischemia. 


ore and disagreement concerning 
the choice of therapy for patients with 
acute peripheral arterial occlusion are readily 
understandable. Many patients compensate 
so effectively for an acute obstruction that 
they do not seek medical attention. Among 
patients who do consult physicians, the ma- 
jority recover without specific therapy. Many 
factors other than the specific therapy em- 
ployed influence the ultimate result. Acute 
myocardial infarction, pulmonary embolism, 
congestive heart failure, renal insufficiency, 
or a cerebral vascular accident may complicate 
the clinical picture and cause a fatal out- 
come. Many patients have old peripheral 
arterial occlusive disease that limits the effica- 
cy of collateral circulation. The therapeutic 
problem is often increased because some 
patients have associated conditions that pre- 
clude anticoagulant therapy, such as a bleed- 
ing peptic ulcer, or shock, which favors the 
propagation of intravascular clot. Evalua- 
tion of the net physiologic gain from induced 
alterations in autonomic tone remains 
obscure. Whether the direct surgical relief 
of acute arterial obstruction is preferable to 
anticoagulant therapy has not been estab- 
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arterial occlusion in a lower extremity, special ar- 
arteriograms performed on cadavers, and data 
femoral artery embolism in dogs. This correla- 
of procedures recommended for the prophylaxis 





lished. In addition, the use of lytie agents in 
the dissolution of arterial thrombi is still in 
the stage of experiment. 


Finally, generali- 
zations from one hospital experience to an- 
other are inherently limited by the variations 
in the type of patient admitted to each insti- 
tution. It is for these many reasons that there 
has been as yet no agreement as to an optimal 
plan of therapy. 

With these reservations clearly in mind, we 
have reviewed data on the pathogenesis and 
the course of acute arterial occlusion that were 
obtained from 5 sources: (1) the immediate 
and long-term outcome of patients with acute 
arterial occlusion of the lower extremity who 
were admitted to the Beth Israel Hospital in 
Boston during the 614-year period ending De- 
cember 31, 1955; (2) the pathologic examina- 
tion of all limbs amputated at the hospital 
during this same period by a special injection 
and dissection technic; (3) femoral arterio- 
grams performed on cadavers; (4) necropsy 
material on patients with acute arterial oc- 
clusion; and (5) data from an experimental 
investigation of acute arterial occlusion in 
dogs. The therapeutic implications derived 
from these data are discussed. 


MetTHoDsS AND MATERIAL 


Clinical Studies 


Patients were included in this study only when 
information was adequate to establish that an 
acute arterial occlusion had oceurred. Appropri- 
ate historical information, as well as changes in 
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ulsation, oscillometrie excursion, color, tempera- 
we, and sensory and motor modalities were all 
tilized in arriving at a clinical diagnosis. On each 
utry to the hospital or outpatient clinie the pa- 
ents were questioned and examined independent- 

by house officers, third or fourth year clinical 
lerks, and visiting staff members. Many of the 
vatients had been seen by one of us during the 
iospitalization for the acute ocelusion or in the 
ascular or cardiae clinics prior or subsequent to 
he acute obstruction. Several patients had been 
ollowed in private practice by associates. In some 
ustanees additional data about these patients were 
btained from records of other hospitals, from the 
vatients themselves, from their families, and from 
yrivate physicians. 

Traditionally, acute arterial occlusions are classi- 
ied according to whether the obstruction is caused 
xy an embolus or thrombus. Although in many 
nstanees it was clear that the obstruction was 
mmbolie in origin, it was not possible to make 
his decision with any assurance in several pa- 
tients in this study. Therefore, we have distin- 
vuished neither the etiology nor the source of each 
ute obstruction but have classified all such 
episodes as “acute arterial occlusions.” 

During the period of this investigation 75 pa- 
tients were hospitalized in whom a diagnosis of 
acute arterial occlusion of a lower limb could be 
made, This material was obtained from an exam- 
ination of the records of 437 patients discharged 
with diagnoses indicative of peripheral arterial 
occlusive disease. An unknown number of pa- 
tients with acute arterial obstruction were missed 
hecause the diagnosis could not be derived from 
a eareful examination of the hospital record. 
The clinical material studied, therefore, represents 
1 selected portion of the total hospital population 
with aeute leg artery occlusions. 


Pathologic Studies 


The technic used in injecting and dissecting 
amputated limbs has been previously deseribed.’ 
briefly, the arteries of each amputated leg were 
injected with radiopaque mass, the leg was un- 
rolled so that the major arteries lay in one plane, 
he unrolled extremity was x-rayed, and the ar- 
erles were then dissected with the roentgeno- 
‘rams as a guide. The criteria for the determi- 
iation of the presence or absence of arterial oe- 
lusion, narrowing, or interarterial anastomosis 
iave also been previously described in detail.’ 
rhe term “oeclusion” as used in this communica- 
ion always denotes complete occlusion. 

From July 1, 1949, through December 31, 1955, 
'05 limbs were amputated for vascular or non- 
ascular diseases at the Beth Israel Hospital and 
vere examined by the technic outlined above. In 
addition, the femoral arteries of 52 cadavers were 
injected with the same radiopaque mass used for 


the amputated limbs, and the arteriograms were 
studied. Finally, the complete necropsy findings 
in 9 patients who died following an acute arterial 
occlusion during the period of this study were 
reviewed. 


Experimental Studies 


Serum or fractions derived from serum are 
known to accelerate coagulation in vitro and in- 
duce thrombosis in animals.” * In dogs, the 
intravenous infusion of heterologous canine serum 
induces a transient hypercoagulable state during 
which massive thrombosis develops in venous and 
arterial segments containing stagnant blood far 
removed from the site of infusion. When fresh, 
such thrombi may exhibit many of the gross and 
microscopic features of postmortem clot, but are 
easily recognized when agonal or postmortem 
coagulation is prevented by the administration of 
heparin. The technic utilized for the induction 
of these intravascular thrombi has been described 
previously.’ Briefly, in dogs under sodium pento- 
barbital anesthesia, a segment of each femoral 
artery was freed from its surrounding structures 
and its branches were ligated. Serum prepared 
from normal dogs was then infused into a distant 
antecubital vein. One minute later, after the 
infused material had been dispersed throughout 
the circulation, the femoral artery segments were 
gently occluded with clamps. Single large red 
clots were routinely formed in each artery seg- 
ment within 60 seconds after isolation. In 30 
animals so treated, the thrombus induced in one 
femoral artery was released to the periphery. The 
clot in the contralateral extremity was retained 
as a control at the site of its formation. The ani- 
mals were sacrificed at varying times and the 
locations of the residual emboli were determined 
with the aid of the injection and dissection technie 
used in the study of amputated human legs. 


RESULTS 

Clinical Findings 

Sex, Race, Age. Among the 75 patients, 
38 were men and 37 women: all were white. 
The average age on hospital entry was 62.6 + 
12.8 years (standard deviation). Although 
the population was somewhat older than that 
reported in other comparable series,*‘* there 
was no evidence that this influenced the mor- 
tality rate or the incidence of amputation. 

Location of Arterial Occlusion. The 75 pa- 
tients in this series sustained a total of 79 ree- 
ognized arterial occlusions at their first hos- 
pital admission. Forty-three of these occurred 
in the left leg; 28 in the right; 8 were diag- 
nosed as acute obstructions of the aortic bi- 
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TABLE 1.—Incidence of Clinical Factors 





Non survivors 
(16 patients) 
Number 
(present /total*) 


Survivors 
(59 patients) 


Number 
(present /total*) 


Systemic 
Cardiac disease 
arrhythmia! 


59 

59 

59 

59 

59 
22/59 
32 

59 

/59 
/58 


hypertensive heart disease? 
valvular heart disease’ 
coronary heart disease 
congestive heart failure 

Diabetes mellitus® 

Cerebral vascular accident 

Shock® 

Uremia 

Anemia’ 


Local 
Old arterial oce usive disease® 
Phlebitis 
Trauma?® 
Ulceration, local infection 
Rest pain 


Therapeutic 
Anticoagulants 
Heparin 
Dicumarol 


12 
/12 24/ 
| /16 ? 3/ 
16 21 

/16 12/58 
0/16 8/59 


59 
59 
59 
58 


Femoral and iliac arterial embolectomy 
Vasodilator drugs 

Autonomic and peripheral nerve blocks 
Lumbar sympathectomy 














14 


* The denominator varied because information was not always adequate concerning each patient. 

! All these patients were in atrial fibrillation, except one who had paroxysmal atrial tachycardia. 

2 Hypertensive heart disease was defined as cardiomegaly in association with repeated diastolic 
pressures above 90 mm. Hg. 

8 Valvular heart disease was defined as structural deformity of a valve determined by physical or 
roentgerographic findings. 

4 A diagnosis of coronary heart disease was accepted if a patient had angina pectoris or myocardial 
infarction. 

5 Diabetes mellitus was established either by elevated fasting blood glucose values or an abnormal 
oral glucose tolerance curve. 

6 Shock was diagnosed by systolic pressures below 90 mm. Hg. 

7 Anemia was diagnosed when the hemoglobin was under 11 Gm. per 100 ml. 

8 A diagnosis of old arterial occlusive disease was made on the basis of absent pulses, a history of 
acute arterial occlusion, or intermittent claudication. 

9 Trauma was defined as a mechanical or thermal injury initiating an acute arterial occlusion. 


furcation. We have no explanation for the vors sustained a major amputation ;* 4 of 


preponderance of left leg occlusions. 
Outcome of Hospitalization. Fifty-nine pa- 
tients (79 per cent) survived the initial hos- 
pital stay. Sixteen patients (21 per cent) died 
in the hospital, 5 within 24 hours, and the re- 
mainder within 6 weeks after the onset of 
symptoms. Similar mortality rates have been 
reported by others.®: *1! Eleven of the survi- 


those who died in the hospital also had a ma- 


jor limb resection. Among the 8 patients 


with occlusion of the aortic bifurcation, 5 


*A major amputation was defined as any resection 


proximal to a transmetatarsal amputation site. The 
only amputation among the remaining 48 survivors 
was a transmetatarsal resection that healed unevent- 


fully. 
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TABLE 2.—Survivorship of 56 Patients During First Five Years Following Initial Hospital Discharge 


Number 
reaching 
Number end of 
observed observation 
x or more period alive 
years after between x and 
discharge x + 1 years 


Year from 
discharge 


Number 


between x 
andx +1 


Cumulative 
percentage 
expected to 
survive for & 
x years ina | 
normal popu- | 
lation sample 


Estimated rate 
of death between 
xandx + 1 
years among of the total 
survivors at x who survive 

years for x years 


Cumulative 
percentage 


7 


75 
65 
53 
46 +8* 





*Estimated standard errors computed for 5-year survival rates (see note on method for table 3). 


urvived without embolectomy or amputation. 

Among these patients with acute leg artery 
clusion the threat to life was at least as 
rreat as the threat to limb. This was particu- 
arly true during the first 24 hours of symp- 
ioms when 31 per cent of the deaths occurred. 
These deaths were caused by thromboembolic 
phenomena to visceral organs, congestive 
heart failure, acute myocardial infarction and 
renal failure. Peripheral ischemia, per se, 
played no discernible role in the mortality. 

In table 1 are listed clinical, laboratory, and 
iherapeutie factors that may have influenced 
survival. None of the factors was significant- 
lv different in the 2 groups (p > .01 by chi- 
square test for all comparisons in table 1). 
Although a factor in a particular patient may 
be of such magnitude and duration that the 
ikelihood of a fatal outcome is clear, this 
ype of quantitative information could not be 
btained from a retrospective analysis of the 
vailable data in a sufficient number of pa- 
tients. 

Follow-up Studies. Follow-up information 
‘as obtained on all but 3 of the 59 patients 
‘ho survived their initial episode of acute ar- 
erial occlusion. Eight of these 56 patients 
ad had a lumbar sympathectomy and 3 an 
‘mboleetomy prior to discharge; 1 patient re- 
eived prolonged anticoagulant therapy; no 
vatients had reconstructive arterial surgery. 
‘0 evidence was available from this limited 
tudy that sympathectomy, embolectomy, or 
‘rolonged anticoagulant therapy played any 


role in the long-term results. The proportion 
of amputees among the survivors (19 per 
cent) was similar to that reported in a num- 
ber of published series,“® 1! so that our group 
was not atypical in this regard. Therefore, 
the follow-up data provide an important con- 
trol group for long-term evaluation of pro- 
posed therapeutic procedures. 

Survival Rate. The information available 
coneerning the 56 patients following the ter- 
mination of their initial hospitalization and 
to the fifth anniversary of their discharge is 
shown in life table form!” (table 2). To ob- 
tain a reasonable frame of reference for eval- 
uating the survival of our population, we ap- 
plied to our sample the survival rates derived 
from the New England life table for 1949 to 
1951 adjusted for age, sex, and race.!* These 
ealeulations yielded an expected 5-year sur- 
vival rate of 82 + 7 per cent (standard error) 
for our population. However, the estimated 
5-year survival rate of our patients was only 
46 + 8 per cent. This increased estimated 
mortality presumably is related to the pres- 
ence of serious systemic disease among our 56 
survivors. 

Recurrence Rate. Nine of the 56 patients 
sustained 12 additional clinically recognized 
episodes of acute arterial occlusion in a lower 
extremity during the 5-year follow-up period. 
To estimate recurrence rates it was necessary 
to derive the cumulative proportion of those 
who would escape such an episode if all 56 
patients survived 5 years. By means of the 
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TABLE 3.—Combined Rates for Survivorship and Initial Recurrence of Acute Arterial Occlusion in Leg among 
56 Patients during the First Five Years Following Hospital Discharge 








Number Estimated 
reaching Estimated rate of 
end of Number rate of death or Cumulative 
observation Number having initial Cumulative initial percentage 
Number period alive dying initial recurrence percentage recurrence of the 
Year observed and without without a recurrence between x of the sur- between x total who 
from without a a recurrence recurrence between x andx +1 Vivors at x and x + 1 survived 
discharge recurrence between x between x andx + 1 years among years who years among without 
x or more andx + 1 and x + 1 years survivors escaped survivors recurrence 
years years years at x years recurrence at x years for x years 


(O’x) (w’x) (d’x) (rx) (vx)* (N'x)* (q’x) (P’x)* 


56 9 081 100 241 100 
39 ) .029 92 OS3 76 
30 : ‘ 070 sé 167 70 
25 ; ‘ 093 8: 255 58 
16 0 074 43 
10 : 40 = St 


vx, the incidence of initial recurrences among survivors was calculated as: vx = 


O’~ —1 2 W'x —1 2 d’x 
Nx, the cumulative percentage of survivors who reached the year x without a recurrence was calculated 


Nx =(100) (1—vi) (1—vz) . . . (l1—vsx-1). The incidence of at least one recurrence during the first 
Xx years among those who survived may be estimated as 100 —Nx. 


rx +d’, 
q’x, the combined incidence of initial recurrence or death for any year was calculated as: q’x = — - 
0’. -—\% w'sx 

, the cumulative percentage of ore who escaped both death and recurrence was calculated as:7 

P’, =(100) (1—q’1) (1--q’2) . . (L—q’s-1). 

+ The estimated standard errors at 5 years shown for Nx and P’x were calculated by making appro- 
priate substitutions in Greenwood’s formula. !2 These standard errors, like those shown in table 2, are 
approximations and may be quite inaccurate because of the small numbers involved. They are shown 
primarily to emphasize that an error does exist in the estimates. 


‘multiple decrement life table’’!* (table 3) Hospital and examined by the injection and 
it was estimated* that one fourth of this dissection technic, 98 were removed either for 
group would sustain at least 1 recurrence of gangrene or unremitting rest pain secondary 
an acute occlusion of a leg artery. There is to arterial insufficiency. Forty-seven of these 
nothing in the data to suggest that recur- 98 legs (48 per cent) had 1 or more fresh oc- 
rences had a greater tendency to occur early clusions in the amputated specimen. Since 
or late in the follow-up period. It was also many of the fresh occlusions, as estimated 
estimated that the cumulative 5-year survival clinieally, undoubtedly originated at sites 
rate without a recurrence in this group would above the level of amputation, the true inci- 
be 40 + 8 per cent (table 3). dence of fresh occlusion was greater than that 

In addition there were among the 56 sur- observed in the amputated legs. In 39 of 
vivors, 1 acute brachial artery occlusion, 1 these 47 legs with fresh occlusion, the lesions 
acute mesenteric artery occlusion, 10 cerebral were multiple: in some instances lying im- 
vascular accidents, and 10 acute myocardial mediately below the most proximal clot, in 
infarctions. These observations represent 22 
additional episodes of clinically recognized 
possible thromboembolic phenomena among 
these 56 patients. 


others forming distal to sites of marked nar- 
rowing or old occlusion. It was not possible 
to determine whether the most proximal fresh 


occlusion in each resected specimen was em- 
Pathologic Findings 


Incidence of Fresh Occlusions. Among the 
105 lower limbs amputated at the Beth Israel 


bolic or thrombotic in origin. In some ex- 
tremities, it was clear that a fresh occlusion 


distal to an old one was thrombotic in nature. 


*See footnote in table 3. Furthermore, in some legs without old occlu- 
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sions in which the clinical impression of em- 
wlism had been strong, and in which fresh 
‘lot was found in the amputated extremity, 
t was evident that at least some of the ob- 
served proximal fresh occlusion was caused 
hy a propagated thrombus. 

Fresh Occlusion without Old Occlusion. 
Only 7 legs amputated for gangrene secondary 
io fresh occlusion showed no old occlusive 
lisease in the resected specimen. Two of 
hese limbs were removed from patients with 
satisfactory clinical evidence of old occlusive 
lisease above the amputation site prior to the 
fresh occlusion. Thus, from the pathologic 
view, in only 5 of 98 legs amputated for ar- 
terial insufficiency was fresh occlusion the 
mly anatomic obstruction to normal blood 
flow. In each of these 5 instances the fresh 
oeelusion was more than 22 em. in length and 
was present at the level of amputation. The 
remaining 95 per cent of amputated limbs had 
old oeclusions 1 to 44 em. in length in addi- 
tion to varying degrees of luminal narrowing. 


Relation of Total Length of Fresh Occlu- 
sions to Clinical Diagnosis. Tn less than half 
(47 per cent) of those legs in which fresh oe- 
clusions were demonstrated pathologically, 
was the diagnosis of fresh occlusion enter- 
tained clinically.* As shown in table 4, there 
is a significant positive correlation (p < 
0.001) between the total lengths of all the 
fresh occlusions in an amputated leg and the 
frequency with which fresh occlusions were 
recognized clinically. Thus, when fresh oc- 
clusions exceeded 10 em. in length, the diag- 
nosis was made in 94 per cent of the cases, 
whereas when fresh occlusions were less than 
> em. in length, the diagnosis was made in 
only 10 per cent of cases. These data, there- 
fore, offer evidence that many fresh occlu- 
sions will be asymptomatie because of their 
small size. They may, nevertheless, impair 
the effective development of an adequate col- 
lateral circulation either by their strategic 
location or by serving as a nidus for the depo- 


“There were 21 limbs removed from 15 patients in 
this study following their initial or subsequent acute 
arterial occlusion. 


TABLE 4.—Relation between Total Length of Fresh 
Occlusions in Amputated Leg and Clinical Diagnosis 
of Acute Arterial Occlusion 


Patients with diagnosis of 
acute occlusion 


Number | % 


Length of fresh Total 
occlusion in number 
amputated leg (em.) of patients 


>10 16 15 | 94 


5-10 11 5 45 


Totals 47 22 47 


| 10 


In no patient without pathologic acute occlu- 
sion was a clinical diagnosis of acute occlusion 
made prior to amputation. 

y= 2541, p<0.001. 


sition of further clot. Although clinically 
unrecognized as an acute occlusion, they may 
in this way lead to progressive gangrene or 
prevent healing of an ulcerated lesion. 

Necropsy Data. Nine complete necropsies 
were performed on patients who died in the 
hospital at the time of or subsequent to an 
acute arterial occlusion of the lower extrem- 
ity. Eight of these patients showed cardiae 
enlargement associated with coronary artery 
or valvular heart disease. Six patients had 
mural thrombi; 7 had recent or old systemic 
arterial thromboemboli; and 4 had pulmonary 
emboli. The ninth patient, in whom the elini- 
eal diagnosis of heart disease had been made, 
showed instead massive pulmonary emboli of 
varying age. These pathologie data confirm 
the clinical evidence of the high incidence of 
cardiovascular disease and the multiplicity of 
thromboembolic phenomena among the pa- 
tients who succumbed. 


Compensatory Responses to Fresh Arterial 

Occlusions 

The frequency with which fresh arterial 
occlusions are not recognized clinically and 
the large number of patients who sustain a 
clinically reeognized episode of acute oeelu- 
sion without gangrene suggest that one or 
more mechanisms may compensate for sudden 
obstructions to major peripheral arteries. In 
this section clinical, pathologie, and experi- 
mental data, suggesting or confirming the ex- 





Fic. 1. Postmortem femoral arteriogram. Can- 
nulae, placed in each femoral artery, were injected 
with radiopaque mass filling the arterial tree but not 
crossing to the eapillary or venous bed. Mass not 
only reached the digital arteries but also—via inter 
arterial anastomoses—filled the pelvie arterial cireu- 
lation. The large volume of extravascular mass, 
visualized in the uppermost central portion of the 
photograph, accumulated in the pelvis from the cut 
edges of collateral pelvie arteries. 


istence of 3 such compensatory mechanisms, 
are described. 

Clot Fragmentation. Several patients in 
this series exhibited sudden and often dra- 
matic improvement in the degree of ischemia 
within 24 hours following the onset of the 
acute occlusion and without the aid of any 
specific therapy. In 1 patient clot fragmen- 
tation was clearly demonstrated when, during 
the administration of anesthesia for the re- 


moval of a saddle embolus, the femoral pulses 


returned and fragments of clot were subse- 
quently recovered from both femoral arteries. 
Others have observed similar phenomena.!” 
In the experimental studies on clots that 
were formed in the femoral artery and then 
released, it was found that emboli were fre- 
quently arrested and broken at arterial bi- 
fureations. It would appear that the very 
rapid improvement in ischemia that occurs 
within a matter of minutes can be related to 
clot fracture with subsequent movement of 
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the fragments to more peripheral arteries. 

Clot Lysis. Although lytic mechanisms are 
known to exist in man, direct evidence of clot 
dissolution is difficult to obtain, since the 
length of an embolus or thrombus cannot be 
measured when it first obstructs a vessel and 
then compared with the amount of clot found 
at the time of examination of the amputated 
specimen. Moreover, the return of a pre- 
viously obliterated pulse may be accounted 
for by clot fracture, or by the enlargement of 
pre-existing collateral vessels or the develop- 
ment of new channels that bypass the obstrue- 
tion. It was therefore necessary to turn to 
the experimental studies in which clots 
formed in femoral arteries were released to 
the periphery. Often within hours after their 
release to the periphery these emboli showed 
definite diminution in size when compared 
with the control clot in the contralateral fem- 
oral artery. Emboli were invariably recov- 
ered within 3 days after release, sporadically 
recovered between 4 and 6 days after release, 
and never recovered after 7 or more days. 
Since these studies were made on arteries that 
were injected with radiopaque mass and sub- 
sequently dissected, it was possible to con- 
clude that these emboli had either diminished 
so markedly in size that they were lodged in 
peripheral arteries not visible to the naked 
eye or that they had actually dissolved com- 
pletely. These observations disclose that the 
dog and, by analogy, man have the ability to 
dissolve fresh thrombi. 

Interarterial Anastomoses. Careful dissec- 
tion of 5 limbs, removed for nonvascular pa- 
thology, in which the arteries were normal, re- 
vealed small but grossly visible interarterial 
anastomotic communications. Further evi- 
dence of a rich preformed collateral circula- 
tion higher in the limb was obtained by the 
injection of radiopaque mass in the direction 
of blood flow in the femoral arteries of 52 e¢a- 
davers. This mass filled the entire pelvie ar- 
terial circulation as well as the lower arterial 
tree of the extremity (fig. 1). These observa- 
tions demonstrate the extent of the pre-exist- 
ing interarterial anastomotic circulation above 
and below the femoral artery in man. 
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Examination of injected limbs amputated 
‘or severe arterial insufficiency demonstrated 
not only that these interarterial communica- 
tions enlarged in legs with occlusive disease 
but that this enlargement was ‘‘tailored’’ to 
supply the ischemic zone ! (fig. 2). 

The effectiveness of such collateral vessels 
in occasionally delivering pulsatile flow was 
exemplified by one patient with a good dor- 
salis pedis pulsation whose extremity was re- 
moved because of a sarcoma. The anterior 
tibial artery in this amputated specimen was 
occluded by atherosclerosis for 10 em. in the 
mid leg; pulsatile flow had been delivered 
to the dorsalis pedis artery by a grossly de- 
monstrable collateral from the peroneal ar- 
tery. 

While it has been shown that preformed in- 
terarterial anastomoses exist and may spe- 
cifically enlarge in response to main vessel 
obstruction, these observations provide no in- 
formation as to the time required for the max- 
imum enlargement of these collateral chan- 
nels. On the basis of personal ¢linieal ob- 
servations relating to the improvement in 
ischemia following recovery from acute oc- 
clusion, maximum enlargement may require 
several weeks or longer. 

Clot fragmentation and lysis and _pre- 
formed interarterial anastomoses may be re- 
sponsible for asymptomatic acute arterial oc- 
clusions. These mechanisms may also be re- 
sponsible for the dramatic spontaneous reso- 
lution of severe acute ischemia. Although not 
disproving the role of ‘‘spasm’’ they provide 
alternatives to the concept of the release of 
‘“spasm’’ as an explanation for the sudden re- 
lief of arterial insufficiency in some individu- 
als. The gradual enlargement of anastomotic 
channels that bypass complete obstructions 
can account for the delayed and gradual im- 
provement observed in some _ individuals 
weeks to months after the initial occlusion. 


Discussion 
There is ready agreement that in the treat- 
ment of acute peripheral arterial occlusion 
all systemic factors that increase the disparity 
between local blood supply and demand 


Fig. 2. Portion of injected amputated limb with 
corresponding roentgenogram illustrating the loeali- 
zation and wide diameter of one of the compensatory 
collateral channels that specifically developed in re- 
sponse to an occlusion in a main tibial artery. 


should be corrected. Thus, anemia, heart 
failure, shock, electrolyte imbalance, and in- 
fection should be promptly treated and therm- 
al, chemical, and mechanical trauma should 
be avoided. In the selection of more specific 
therapy, agreement is not so universal. How- 
ever, among our patients with acute arterial 
occlusion it was clear that the threat to life 
was at least as great as the threat to limb. 
Thus, any diagnostic or therapeutic proce- 
dure that was designed to save a limb but that 
increased the risk to life was not justified. 
This was particularly true during the first 24 
hours of symptoms when 31 per cent of the 
deaths occurred. When these observations 
are considered in relation to the data pre- 
sented herein on the pathology of acute ar- 
terial occlusion and on the nature of the 
compensatory responses to arterial obstrue- 
tion, the potential value of embolectomy, 
autonomie blockade, anticoagulant and 
fibrinolytic agents can be critically reviewed. 

Management of Early Phase of Acute Pe- 
riphereal Arterial Occlusion. Prompt remov- 
al of an embolus from a major leg artery has 
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been repeatedly shown to reverse ischemia and 
often result in pulsatile pedal flow. Although 
embolectomy frequently requires general an- 
esthesia and appreciable trauma, obstructions 
in some arteries can be removed swiftly under 
local or regional anesthesia without extensive 
injury, hemorrhage, or marked systemic re- 
sponse. However, when embolectomy is con- 
sidered in relation to the population reported 
upon in this paper, the advisability of the pro- 
cedure can be questioned in terms of the net 
vain to the patient as a whole. Both regional 
and systemic factors should be considered in 
this regard. Not infrequently collateral ves- 


sels are severed in approaching the occluded 


artery. When the obstructed vessel is opened, 
clot adherence may be so great that its re- 
moval may result in extensive intimal damage. 
Local injury alone or combined with stasis 
and hemorrhage may induce local thrombo- 
sis.” Furthermore, it is not always possible to 
remove all clot above or below the incision. 
I‘resh clot deposited distal to sites of old oc- 
clusion in the lower leg is not amenable to 
surgical removal by embolectomy. In studies 
of experimental arterial embolism in our lab- 
oratory, it has been found that a free flow 
from above the area of incision does not in- 
sure the removal of all proximal clot, par- 
ticularly if it is trapped at an arterial bi- 
fureation. Moreover, embolectomy, as any 
operative procedure, may provoke the devel- 
opment of a *‘temporary thrombotic state’’!® 
leading to venous thrombosis and pulmo- 
nary embolism. Finally, the presence of a 
fresh wound limits the full use of anticoagu- 
lant therapy by the risk of hemorrhage from 
vranulating surfaces. 

There is, as yet, no statistically sound study 
indicating the superiority of embolectomy 
over any other procedure in the treatment of 
all or, even, of selected patients with acute 
arterial occlusion. In this regard it is impor- 
tant to recall the high spontaneous recovery 
rate among the patients in our series ineclud- 
ing those with aeute obstruction at the aortic 
bifureation. Moreover, when embolectomy 
has been recommended, it is usually with the 
provision that it be performed within hours 
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of the onset of symptoms: yet this is precisely 
the period of the greatest anticipated mortal- 
ity. Early embolectomy can thus contribute 

-even if slightly in many individuals—to 
this risk to life. 

Unlike embolectomy, autonomic blockade 
for the relief of ischemia secondary to arterial 
occlusion has neither a sound physiologic ra- 
tionale nor satisfactory clinical documentation 
of its efficacy.'* Sympathectomy for acute 
arterial obstruction shares with embolectomy 
the objection that it represents a surgical pro- 
cedure in a cardiac patient and thereby may 
add a burden to the heart, increase the risk 
of venous thrombosis and pulmonary embo- 
lism, and limit the use of anticoagulant drugs 
in the postoperative period. One of the most 
compelling arguments for the ablation of sym- 
pathetic tone has been the belief that this 
procedure would relieve the ‘‘spasm’’ induced 
by the obstruction itself. Not only is there 
little evidence that the arteriolar vessels in 
the ischemic zone are in ‘‘spasm”’ in organic 
arterial insufficiency,'’ but the observations 
reported in this paper, although presenting 
no direct evidence against ‘‘spasm,’’ do offer 
alternatives to the concept that the release of 
*‘spasm’’ is responsible for the sudden and 
often marked improvement in peripheral 
blood flow that may occur spontaneously. 

Anticoagulant drugs are of value in pre- 
venting the formation of new clot or the prop- 
agation of existing clot; they do not dissolve 
Sinee clots often 
have propagated extensively before the pa- 


thrombi already formed. 


tient sees a physician, the value of anticoagu- 
lants for the local arterial lesion may be lim- 
ited. Moreover, in ischemic limbs the use of 
these drugs invites the small but potential 
hazard of hemorrhage within the walls of 
sclerotic arteries with subsequent thrombo- 
sis.'® The principal recommendation for anti- 
coagulant therapy aside from its ability to re- 
tard the propagation of clot locally is that it 
is effective in preventing further thromboem- 
bolic phenomena in the pulmonary and sys- 
temic circuits. It should be emphasized, how- 
ever, that, as with embolectomy, there is still 
no statistically valid clinical evidence that 
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routine anticoagulant therapy for acute ar- 
terial occlusion will significantly decrease the 
incidence of death or amputation oceurring 
in these patients at the time of initial hospi- 
talization. 

Of all the procedures recommended for the 
treatment of acute arterial occlusion, fibrin- 
olytiec agents or substances that activate the 
normally present fibrinolytic mechanism ap- 
pear to cffer the most valid therapeutic ap- 
proach, for these agents may induce elot dis- 
solution throughout the extremity. In the 
past, compounds recommended for this pur- 
pose have had such nonspecific proteolytic ef- 
fects or have been so toxie that they could be 
used neither effectively nor safely.2°*? With 
the advent of more highly purified com- 
pounds** the development of lytic agents may 
be approaching the stage of practical clinical 
trial. When used alone or combined with 
anticoagulants, lytic agents may eventually 
form the ideal therapy for acute arterial oc- 
clusion. However, the use of these drugs must 
also be viewed with caution until it has been 
demonstrated in man that fibrin ean be dis- 
solved without precipitating hemorrhage 
through induced afibrinogenemia or altera- 
tions in other clotting components. 

After Care Following Acute Peripheral Ar- 
terial Occlusion. When the maximum im- 
provement afforded by normal compensatory 
mechanisms has been achieved and the general 
condition of the patient has become stable, 
reconstructive arterial surgery has a place in 
the treatment of residual disabling ischemia 
secondary to acute arterial occlusion. How- 
ever, the indications for arterial grafting in 
patients who recover from acute arterial oc- 
clusion should be decided on an individual 
basis: the overriding considerations will be 
the degree of residual ischemia, the technical 
feasibility of the surgical procedure as indi- 
cated by arteriography,*4 and the general 
health of the patient. 

In a large majority of patients subjected to 
sympathectomy, sympathetic tone returns 
within months of the operative procedure, 
even though the foot may remain warm." 
These observations tend to invalidate the claim 


that sympathectomy has any ‘‘prophylactic’’ 
value in the prevention of further ischemia. 

Prolonged anticoagulant therapy can be 
expected to be of value in preventing the 
deposition of further clot.2°°° In view of the 
high recurrence rate of acute peripheral ar- 
terial occlusions in our series as well as the 
high incidence of serious cardiovascular dis- 
ease, the use of ambulatory anticoagulant 
therapy for the prevention of further clotting 
in the leg and elsewhere in the circulation 
would appear to be justified. 

Finally, it will be appreciated that acute 
leg artery occlusion usually represents but 1 
episode punctuating a progressive or recurrent 
process having its origin in the heart.?® #1 32 
Thus, in addition to prophylactic anticoagu- 
lant therapy and bypass arterial grafts, the 
long-term management of some patients with 
acute arterial occlusion may encompass a 
medical and surgical attack on the diseased 
heart itself. On the assumption that the high 
incidence of atrial arrhythmias may have a 
causal relation to embolic phenomena, it ap- 
pears justified to attempt to maintain a normal 
sinus rhythm in patients with paroxysmal 
arrhythmias by the use of digitalis and quini- 
dine. Despite the attendant hazards. it may 
be desirable when patients are on anticoagu- 
lant therapy to attempt to convert fixed ar- 
rhythmias by the use of quinidine. The value 
of radioactive iodine for this purpose in se- 
lected patients will require further  trial.** 
Although not yet adequately evaluated for 
this purpose, mitral valve surgery** has al- 
ready been attempted as prophylaxis against 
recurrent systemic embolization. 


SUMMARY 

This study of acute peripheral arterial oe- 
clusion was based on material obtained from 
5 sources: (1) clinical information from 75 
patients hospitalized with acute arterial oe- 
clusion of a lower extremity; (2) pathologie 
examination by a special injection and dissec- 
tion technie of 105 legs amputated for vaseu- 
lar or nonvascular disease ; (3) arteriographie 
observations on the lower limbs of 52 ecada- 


vers; (4) necropsy examination of 9 patients 
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who died in the hospital following acute oc- 
clusion of a leg artery; and (5) data from an 
experimental investigation of acute femoral 
artery embolism in 30 dogs. 

At the first hospitalization these patients 
sustained 43 fresh arterial occlusions in the 
left leg, 28 in the right leg, and 8 at the aortic 
bifureation. No elinical differentiation was 
attempted between embolism and thrombosis. 
Eighty-eight per cent of the patients had 
clinically recognized heart disease. The ther- 
apeutie procedures were applied with no 
over-all predetermined plan. 

During the initial hospitalization 64 per 
cent of the patients survived without major 
amputation, 15 per cent survived with a major 
amputation, and 21 per cent died (almost 
one third in the first 24 hours). 

Among the 56 survivors for whom follow-up 
information was available, the expected 5-year 
survival rate was 46 per cent compared with 
82 per cent in a New England population of 
comparable age, sex, and race. The expected 
5-year rate of initial recurrence of an acute 
occlusion of a leg artery was 25 per cent, and 
the expected incidence of thromboembolic 
visceral complications was of a similar order 
of magnitude. 

Fresh occlusions were found in one half of 
all legs amputated for arterial insufficiency 
and studied by the injection and dissection 
technic. In each amputated limb in which 


fresh arterial occlusions were found, propaga- 
tion of clot was observed either distal to the 
most proximal clot in the extremity or distal 
to old occlusions or narrowing; in 70 per cent 


of the legs with fresh occlusions the clots were 
multiple. Fresh arterial occlusion alone rarely 
caused amputation. In only 5 per cent of the 
legs amputated for arterial insufficiency were 
fresh occlusions present without concomitant 
old occlusion and in each such instance the 
fresh occlusion was more than 22 em. in length 
and was present at the level of amputation. 
The clinical diagnosis of acute arterial 
occlusion was suspected in less than half of 
the patients in whose amputated legs fresh 
occlusions were demonstrated after injection 
and dissection of the extremity. The clinical 
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diagnosis of acute peripheral arterial occlu- 
sion was related to the total length of the 
fresh occlusions. If the fresh occlusions ex- 
ceeded 10 cm. in length in the resected speci- 
men, the diagnosis was made in 94 per cent 
of instances; if the fresh occlusions were less 
than 5 em. in length, the diagnosis was made 
in only 10 per cent of instances. 

Evidence was obtained from clinical, patho- 
logic, and experimental observations that clot 
fragmentation, clot lysis, and preformed 
interarterial anastomoses can compensate im- 
mediately for an acute arterial occlusion. 
Further increase in blood flow can occur 
within days to weeks after an acute occlusion 
through the gradual hypertrophy of anas- 
tomotic vessels that specifically bypass 
occluded arteries. 

The necropsy material confirmed the clini- 
cal observations, indicating the high incidence 
of cardiac disease and recurrent thrombo- 
embolism among the patients in this study. 


CONCLUSIONS 

The pathogenesis and course of acute 
peripheral arterial occlusion outlined in this 
study provides a basis for the evaluation of 
procedures recommended for the prophylaxis 
and treatment of acute ischemia. 

Acute occlusion of a leg artery usually 
refiects but 1 episode punctuating a progres- 
sive or recurrent process having its origin in 
the heart. It represents, in essence, a medical 
emergency in which the threat to life is at 
least as great as the threat to limb. Thus, 
any diagnostic or therapeutic procedure that 
is designed to save a limb but that increases 
the risk to life is not justified. This is partic- 
ularly true during the first 24 hours of 
symptoms. 

It is neither feasible nor necessary to dis- 
tinguish between acute arterial embolism and 
thrombosis. Many acute occlusions, although 
not recognized clinically because of their 
small size, may nevertheless contribute to 
ischemia by their strategic location or by 
serving as a nidus for the propagation of clot. 

Embolectomy, when considered in relation 
to the total clinical problem, is not recom- 
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mended as the treatment of choice in the acute 
phase of the occlusive process, although its 
efficacy in individual cases is well documented. 
In contrast, the evidence is entirely inade- 
quate to justify medical or surgical alterations 
in autonomic tone in the treatment of any 
phase of organic arterial obstruction. 

Fibrinolytic agents may in time have a 
place in the early treatment of acute arterial 
occlusion, and bypass grafting may be of 
value in the management of residual ischemia. 
The role of drugs in preserving or producing 
a normal sinus rhythm and of remedial car- 
diae surgery in diminishing the recurrence of 
systemic arterial emboli remains to be 
evaluated. 

Anticoagulant therapy, although not ideal, 
appears to offer promise of the greatest over- 
all benefit with the least risk. This is particu- 
larly true for the prevention of recurrent 
thromboembolic episodes in the leg or else- 
where in the circulation. 


SUMMARIO IN INTERLINGUA 

Iste studio de acute occlusion de arterias 
peripheric esseva basate super materiales 
obtenite ab 5 differente fontes: (1) Informa- 
tion clinie pro 75 patientes hospitalisate con 
ocelusion arterial de un extremitate inferior. 
(2) Examines pathologic, per medio de un 
technica special de injection e dissection, de 
105 gambas amputate a causa de morbos 
vascular e non-vascular. (3) Observationes 
arteriographie in le extremitates inferior de 
52 eadaveres. (4) Necropsias de 9 patientes 
qui moriva al hospital post occlusion acute 
de un arteria del gamba. E (5) le investiga- 
tion experimental de acute embolismos del 
arteria femoral in 30 canes. 

A lor prime hospitalisation le patientes 
ineludite in le materiales del studio suffreva 
43 frese ocelusiones arterial in le gamba 
sinistre, 28 in le gamba dextere, e 8 al puncto 
del bifurcation aortic. Nulle differentiation 
clinie inter embolismo e thrombosis esseva 
tentate. Octanta-octo pro cento del patientes 
habeva morbo eardiae de recognition clinic. 
Le regimes therapeutic esseva applicate sin 
predeterminate plano general. 


Durante le prime hospitalisation, 64 pro 
cento del patientes superviveva sin amputa- 
tion major, e 21 pro cento moriva (quasi un 
tertio durante le prime 24 horas). 

Inter le 56 superviventes pro qui inform- 
tiones in re le curso posterior esseva disponi- 
bile, le superviventia quintenne amontava a 
46 pro cento, in comparation con 82 pro cento 
constatate pro un population de Nove Angla- 
terra con etate, sexo, e racia comparabile. Le 
quintenne prime recurrentia de un acute 
occlusion de un arteria del gamba amontava 
a 25 pro cento. Le expectate incidentia de 
thromboembolic complicationes visceral esseva 
de un simile ordine de magnitude. 

Frese occlusiones esseva trovate in un 
medietate de omne le gambas ampuiate a 
causa de insufficientia arterial e studiate per 
le technica de injection e dissection. In omne 
extremitate amputate in que frese occlusiones 
arterial esseva constatate, propagation de 
coagulo esseva observate (1) distal con re- 
specto al plus proxime coagulo in le extremi- 
tate o (2) distal con respecto a ancian occlu- 
siones 0 restrictiones. In 70 pro cento del 
gambas con frese occlusiones, le coagulos 
esseva multiple. Frese occlusion arterial 
esseva rarmente le causa exclusive del ampu- 
tation.. Solmente 5 pro cento del gambas 
amputate a causa de insufficentia arterial 
monstrava frese occlusiones sin conecomitante 
ancian occlusiones, e in omne iste casos le 
occlusion frese mesurava plus que 22 em in 
longor e esseva presente al nivello del 
amputation. 

Le diagnose clinic de acute occlusion 
arterial esseva suspicite in minus que un 
medietate del patientes pro qui frese oeelu- 
slones esseva demonstrate in le gambas ampu- 
tate post application del technica a injection 
e dissection. Le diagnose clinic de occlusion 
acute de arterias peripheric esseva relationate 
al longor total del occlusiones frese. Si le 
frese occlusiones excedeva 10 em in longor 
in le specimen resecate, le diagnose habeva 
essite facite in 94 pro cento del casos; si le 
occlusiones esseva minus que 5 em in longor, 
le diagnose habeva essite facite in solmente 
10 pro cento del casos. 
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Observationes clinic, pathologic, e experi- 
mental supportava le conclusion que le frag- 
mentation del coagulo, le lyse del coagulo, e 
le preformation de anastomoses interarterial 
es capace a compensar immediatemente un 
acute occlusion arterial. Augmento additional 
del fluxo de sanguine pote resultar intra dies 
0 septimanas post un occlusion acute, in 
consequentia del hypertrophia gradual de 
vasos anastomotic que specificamente circum- 
fere un arteria oceludite. 

Le materiales necroptic confirmava le 
observationes clinic, signalante un alte inei- 
dentia de morbo cardiae e de thromboembo- 
lismo recurrente inter le patientes in iste 
studio. 

I.e pathogenese e le curso de acute occlusion 
de arterias peripheric delineate in iste studio 
provide un base pro le evaluation de mesuras 
recommendate in le prophylaxe e le tracta- 
mento de acute ischemia. 

Occlusion acute de un arteria de gamba 
reflecte usualmente non plus que un episodio 
in un processo progressive o recurrente que 
ha su origine in le corde. Illo representa, in 
essentia, un situation de urgentia medical in 
que le vita del patiente es al minus tanto 
impericulate como le extremitate  afficite. 
Assi, omne mesura diagnostic o therapeutic 
que visa a salvar un gamba sed que augmenta 
le riseo pro le vita del patiente non es justifi- 
cate. Iste observation es specialmente applic- 
abile durante le prime 24 horas post declara- 
tion del symptomas. 

Il es impossible e non necessari distinguer 
inter acute embolismo e thrombosis arterial. 
Multe occlusiones acute, ben que clinicamente 
non recognoscite a causa de lor micre dimen- 
slones, es nonobstante potentialmente capace 
a contribuer al disveloppamento de ischemia 
a causa de lor sito strategic o proque illos 
servi de nido in le propagation de coagulo. 

Embolectomia, vidite in relation al total 
problema clinic, non es recommendate como 
tractamento de election durante le phase 
acute del processo occlusive, ben que su 
efficacia in casos individual es ben document- 
ate. Del altere latere, il existe solmente un 


inadequatissime documentation in supporto 
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de alterationes medical o chirurgie in le tono 
autonomic como tractamento de non importa 
qual phase de organic obstructiones arterial. 

Agentes fibrinolytic ha possibilemente a 
vices un placia in le tractamento initial de 
acute occlusion arterial, e graffos cirecumfer- 
ente es forsan de valor in le tractamento de 
ischemia residue. Le rolo de drogas in le 
preservation o restitution de un normal 
rhythmo sinusal e de chirurgia cardiae reme- 
dial pro reducer le numero del recurrentias 
de systemic embolos arterial debe esser 
evaluate in le futuro. 

Therapia a anticoagulantes non es ideal sed 
pare offerer promissas del plus grande bene- 
ficio general con le plus basse risco. Isto vale 
specialmente con respecto al prevention de 
recurrente episodios thromboembolic in le 
gamba o alterubi in le circulation. 
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Cardiovascular Hemodynamic Functions in Complete 
Heart Block and the Effect of Isopropylnorepinephrine 
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Sau J. FarsBer, M.D., anp Lupwie W. Eicuna, M.D. 


In 8 patients with complete heart block, cardiac and hemodynamic functions were 


determined by methods based on cardiac 


eatheterization. The data characterize the 


impairment in these functions in asymptomatic subjects and indicate, in addition, the 
further changes over the course of several years in the same subject, the deleterious 
effects associated with congestive heart failure, and the changes toward normal induced 
by isopropylnorepinephrine, a sympathomimetic amine known to stimulate the heart 


and increase ventricular rate in heart block. 


HE purpose of this report is to present 
T data regarding cardiovascular hemody- 
namic functions in patients with established 
complete heart block. 

Levinson et al.! determined cardiovascular 
dynamies by cardiac catheterization in 5 pa- 
tients with complete heart block, without con- 
gestive heart failure at any time, and reported 
the following hemodynamic alterations from 
the normal: elevated systolic pressure in 
the right atrium, elevated systolic pres- 
sure in the right ventricle and pulmonary ar- 
tery, increased pulse pressure in pulmonary 
and systemic arteries, increased stroke volume, 
and decreased cardiac output. The present 
study confirms these observations and reports 
additional information on the following car- 
diovascular aspects of complete heart block: 
changes in cardiovascular dynamics in the 
same patient over the course of several years, 
comparison of hemodynamic functions when 
there is congestive heart failure with the 
hemodynamic status when heart failure is ab- 
sent, the hemodynamic effects of isopropyl- 
norepinephrine, a sympathomimetic amine 
known to increase the ventricular rate in com- 
plete heart block.2, Renal hemodynamic func- 
tions of 3 of the subjects are also reported. 
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METHODS AND MATERIAL 

Hemodynamic functions were measured in 8 
patients with complete heart block. Except for 
patient P. D., who was 39 years old and had 
inactive rheumatic heart disease with aortic 
stenosis, the subjects were elderly and the heart 
block was due to arteriosclerotic heart disease. 
Five patients had never manifested signs of heart 
failure, 2 patients had recently recovered from 
congestive heart failure and 1 patient was in frank 
congestive heart failure (table 1). In each in- 
stance the heart block was of spontaneous occur- 
rence and not associated with medication or myo- 
cardial infarction. The permanence and com- 
pleteness of the heart block was confirmed in each 
patient by repeated electrocardiograms and by the 
persistence of complete atrioventricular dissocia- 
tion following the administration of 1 to 2 mg. 
of atropine sulfate intravenously. 

Of the 5 patients never manifesting congestive 
heart failure, 3 (J. Gi, E. S., T. R.) first came 
under observation because of Adams-Stokes 
attacks. The seizures were eliminated with ephe- 
drine sulfate, which was then continued in main- 
tenance doses and the patients were observed for 
3, 9, and 5 years, respectively. They remained 
without further attacks and did not develop heart 
failure. Hemodynamic determinations were ob- 
tained shortly after their seizures disappeared and 
again after intervals of 1, 214, and 3 years, re- 
spectively (tables 2 and 3). The fourth patient 
(P. D.) was known to have heart block for 2 years 
before the present observations. He had attacks 
of dizziness but no overt Adams-Stokes seizures. 
The fifth patient (A. 8S.) was noted to have a 
“slow heart” 1 year previously but had never 
experienced Adams-Stokes attacks or dizziness. 

Of the 3 patients with congestive heart failure, 
hemodynamic determinations were obtained in 2 
(M. K., J. Ga.) after they had recovered to a 
clinically judged maximal degree as a result of 
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TABLE 1.-—-Clinical Status of Patients with Complete Heart Block 


De- 
Surface gree 
Patient, area Weight of 

sex, age, (M.?) (Ibs.) fail- 


diagnosis ure |Veins 


No congestive heart 
failure 
J. Gi.; M, 66 
(ASHD) 


7/1951 
7/1952 
1/1950 

9/1952 


E.S.; M, 77 
(ASHD) 
T.R.; M, 68 
(ASHD) 


7/1952 
10/1955 


12/1955 


P.D.; M, 39 
(RHD) 

A.S.; F, 53 4/1957 | 1: 

(ASHD) 


Treated congestive 
heart failure 
M.K.; F, 62 
(HCVD+ASHD) 
J. Ga.; M, 72 
(ASHD) 


5/195é|| 
6/1955 
4/1955} 
6/1955 





Untreated congestive} 


° | 
heart failure 


F.L.; F, 67 
(ASHD) 




















Signs of congestive 


Rales| Liver 


2/1953||| 165 | 4+] 44 
3/1953 | 170 | 34+] 2+ 





heart failure 
Medication Final 
result # 


Ephedrine dead 
Ephedrine 38 months 
None dead 
None 85 months 


Ephedrine dead 
Ephedrine 57 months 


Ephedrine and dead 
Isuprel linguets 3 months 


Ephedrine alive 
3 months 


Thiomerin* dead 

Aminophyllinet 10 days 

Thiomerin,t Ephedrine | alive 
Digitalis§ 22 months 


4+| 4+) 4+] 4+] None dead 
2+) 2+] 2+) 2+] None 


4 days 




















RHD, rheumatic heart disease; HCVD, hypertensive cardiovascular disease; ASHD, arteriosclerotic 


heart disease. 


Thiomerin 2 ml. intravenously on 14 occasions and 2 ml. intramuscularly on 6 occasions from admission 


until day of the study. 


+ Aminophylline 0.5 Gm. intravenously on 8 occasions from admission until day of the study. 
t Thiomerin 2 ml. intravenously on 6 occasions from admission until time of study. 


§ Digitalis leaf 1.5 Gm. from 4/19 to 4/25. 


|| Initial status: no hemodynamic determinations. 
# Final result: months after initial determinations. 


diuretics (first patient) and digitalis and diuretics 
(second patient). The third patient (F. L.) was 
in overt congestive heart failure. Because of a false 
history of previous digitalis medication, this pa- 
tient’s arrhythmia was at first considered to be 
due to digitalis toxicity and accordingly she was 
not treated. Of these 3 patients, only subject J. 
Ga. had experienced Adams-Stokes attacks. At 
the time of the hemodynamic determinations he 
was receiving maintenance doses of ephedrine 
sulfate and had no seizures. The other 2 subjects 
had never received ephedrine. 

The following functions were measured by 
standard technics: cardiac output by right heart 
catheterization and the direct Fick method with 
mixed venous blood obtained from the right ven- 


tricle or pulmonary artery, cardiac and systemic 
blood pressures at first by Hamilton manometers 
and subsequently by strain gages coupled to a 
multichannel electronic recorder, oxygen consump- 
tion by the open method with analysis of collected 
exhaled air by the Beckman gas analyzer, oxygen 
content of arterial and mixed venous blood by the 
manometric method of Van Slyke and Neill,’ 
plasma and blood volumes by dye-dilution method 
with Evans blue dye (T-1824),° glomerular filtra- 
tion by inulin clearance’ and renal plasma flow by 
para-aminohippurate clearance.* All determina- 
tions were made in the morning after an overnight 
fast. When renal hemodynamic functions were 
also determined, these measurements were obtained 
simultaneously with the measurements of cardio- 
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TABLE 2.—Oxygen Consumption, Cardiac Output, and Renal Hemodynamics in Patients with 
Complete Heart Block 








| | 
Oxygen | | 
consump-| Arterial 
Date tion oxygen 
Patient | of | 
| study 


Renal | Glome-| Filtra- 
Cardiac Ven- | Stroke plasma | rular tion 
index tricular volume | flow | filtra- frac- 
ference rate tion | tion 
| 
| 
1 


| 
Mixed | A-V O2 
Arterial venous | __ dif- 
oxygen satura- | oxygen 
(ml./M.? tion 


(L./M.? (per (ml./ (ml. / 
/min.) (vol. %) | (vol. %) | (vol. %) 
| 


| 

/min.) min.) (ml.) min.) min.) (%) 
| 
| 


No congestive 

heart failure 
7/1951 
7/1952 


18.85 | 12.44 | 6 | 2.05 | 32 | 98 
} | 

20.57 | 98.5§ wt ) ae } 121 
1/1950 | 105 | 17.01 5 | 10.96 | 6.05 | | 32 87 
9/1952 99 17.56 .48 | 3 70 
16.23 | 95.6 | § | 28 | 108 
14.30 | 87.3 | 7.70] 6 93 








7/1952 | 103 
10/1955 | 105 











17.70 | 92.4 | 12.33] 5.37 | 2.70 | 38 | 137 
AS. 957| 87 | 16.22] 93.6 26 | 1.75 | | 119 


Eight aged 1950 
control to 
patients 


120 | 16.11 | 11.60 | 71 | 67 | 
\(99-133)} (14.23- | (10.03- 8-84) |(48-106)| 
19.20) | 12.80) | 











Treated con- | | 
gestive heart 
failure 
M.K. 
J. Ga. 





| 20.33 | 90.8 





Untreated con-| 
gestive heart | 
failure 


Fx.. 3/1953 | 106 





| 
ae el aactue laut a | 
| 


9.43 | 7.58 | 1.40 | 26 
| 


For the 8 control subjects the single number is the average value, the numbers in parentheses give 
the range. 


vascular dynamies. At these times the hemody- 
namic determinations were obtained at the mid- 
point of the 15-minute renal clearance periods. 


indices were markedly decreased. 


A-V OXy- 
gen difference, a more rigorous index of car- 


Usually 3, occasionally 2, successive determina- 
tions of cardiovascular and renal functions were 
obtained. The data presented are the 
values of the several determinations. 


mean 


RESULTS 

Heart Block without Congestive Heart Failure 

The 39-year-old subject (P. D.) is consid- 
ered separately. His cardiae dynamies (car- 
diae index, arterial-mixed venous oxygen dif- 
ference) and total oxygen consumption were 
normal (table 2). His vascular pressures 
were altered as in the other subjects (table 3). 

In the 4 elderly subjects cardiac function 
was definitely abnormal (table 2). Cardiac 


diac function since it relates cardiae output 
to the body’s demand for blood, was abnormal 
on 5 of 7 occasions. Since aging is associated 
with decreased cardiac dynamic activity,® !” 
the values for the subjects with heart block 
are compared with the values obtained in this 
laboratory for 9 noneardiae patients of the 
For the 
heart block subjects as a group, the cardiac 
index is still low and the A-V oxygen differ- 
ence is still high (table 2). 


same age range (60 to 80 years). 


The differences 
for the 2 functions in the 2 groups of subjects 
are highly significant ; p = 0.01 for both fune- 
tions. In the 3 subjects with the lowest car- 
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diae outputs (E. 8., T. R., A. 8.) total oxy- 
gen consumption was reduced and perhaps 
thereby may have led to a lower requirement 
for blood and hence a lower eardiae output. 
In the other subject (J. Gi.) oxygen consump- 
tion was normal but cardiac function was im- 
paired in comparison with the control values 
(table 2). As indicated by the generally nor- 
mal arterial oxygen saturations, pulmonary 
ventilation was usually adequate in all sub- 
jects. The occasional low oxygen saturations 
are not unusual in elderly subjects who may 
hypoventilate when lying flat for long periods. 

In all 5 patients residual pressures in the 
right heart (right atrial mean pressure and 
right ventricular end diastolic pressure) and 
right ventricular systolic pressure tended to 
be elevated (table 3). In both the pulmonary 
artery and the systemic artery, systolic blood 
pressure was elevated while diastolic pressure 
was normal or low, changes due presumably 
to the large volume of systolic ejection and 
the increased time for diastolic run-off (table 
3). In the older subjects, arteriosclerotic 
stiffening of the systemic arteries probably 
further intensified these changes in pressure. 
Systemic arterial mean pressure was essen- 


tially normal. The calculated systemic vas- 


cular resistance varied considerably but on 6 
of 8 occasions was increased above normal and 
thereby served to maintain arterial pressure 
in the presence of a low cardiac output and 
prolonged diastolic run-off. Subject P. D., 
whose cardiac output was normal, had a nor- 
mal systemic vascular resistance. In the 2 
subjects in whom pulmonary artery pressure 
was measured, pulmonary vascular resistance 
was also increased (table 3). Neither of these 
patients had pulmonary disease or left heart 
failure. 

Although the dye-dilution technic for de- 
termining blood volume has admitted defici- 
encies, the method does serve as a reasonable 
index of intravascular volume. Two subjects 
appeared to have normal blood volumes. The 
blood volume of the third subject was in- 
ereased by 14 and 30 per cent (table 3). 

In all 3 subjects in whom renal hemody- 
namie functions were determined, glomerular 


filtration rate and renal plasma flow were de- 
cidedly reduced (table 2). In 2 subjects the 
disproportionately greater reduction in plas- 
ma flow than in glomerular filtration rate in- 
dicated an increase in filtration fraction. 
With aging, renal hemodynamie functions de- 
crease,”: |! but in these 3 subjects the redue- 
tions were greater than expected for their ad- 
"None of the 3 patients had 
evidence of intrinsic renal disease. 


vanced years. 


Course of Hemodynamic Function over Sev- 

eral Years 

Hemodynamic determinations were — re- 
peated after 1 to 3 years on 3 subjects with. 
out congestive heart failure. During the 
intervening years the patients suffered no 
reduction of their usual (reduced) activity 
nor did they develop congestive heart failure. 
In general, their hemodynamic functions 
appeared to be slightly more impaired (table 
2, 3). After 12 months the functions in J. 
Gi. were about the same. After 32 and 38 
months, subjects E. S. and T. R. manifested 
further slight reduction in cardiae index and 
rise in A-V oxygen difference, associated with 
some inerease in pressure in the right heart, 
largely in ventricular systolic pressure. 
Heart Block with Congestive Heart Failure 

Although similar degrees of abnormality in 
individual hemodynamic functions were pres- 
ent in subjects with and without congestive 
heart failure, the presence of heart failure 
appeared to be associated with the more 
marked impairment. Thus, the subject with 
frank congestive heart failure (F. L.) had 
one of the lowest cardiac indices, the highest 
A-V oxygen difference and the highest resid- 
ual pressures in the right heart (table 2, 3). 
In the 2 subjects treated for congestive heart 
failure the hemodynamic functions, though 
decidedly impaired, frequently overlapped 
the values for the subjects never in congestive 
failure. However, the overlap was with the 
greatest impairments of function in the group 
without failure and not with the less impaired 
values. 
Hemodynamic Effects of Isopropylnorepi- 

nephrine 

Isopropylnorepinephrine was administered 
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n 3 ways: by single intravenous injection over 
} to 5 minutes (J. Ga., M. K.), by pump- 
‘ontrolled intravenous infusion for 36 min- 
ites (T. R.), and by sublingual tablet (P. D., 
\. S.) (table 4). Except for subject P. D., 
1emodynamic measurements were obtained as 
‘ollows: first control measurements, then 
neasurements at the point of maximum in- 
‘rease in ventricular rate and finally deter- 
ininations when the effects of the drug had 
worn off. Subject P. D. sustained a 6- to 
s-second period of ventricular arrest shortly 
ifter the intracardiac catheter was placed in 
the pulmonary artery. The catheter was im- 
mediately withdrawn into the right atrium 
and the patient given a 10 mg. linguet of 
isopropylnorepinephrine. The drug-induced 
hemodynamic effects were determined first, 
when ventricular rate was maximally in- 
creased. The ‘‘control’’ determinations were 
obtained 124 minutes after the linguet was 
given and when ventricular rate had returned 
to its customary slow rate. These ‘‘control’’ 
determinations are also used as this patient’s 
usual hemodynamie functions (table 2, 3). 
Except for the results in patient A. S., 
which will be discussed separately, isopropyl- 
norepinephrine produced essentially similar 
effects for all 3 routes of administratior 
(table 4, fig. 1). Atrial rate increased in the 
3 subjects with normal sinus rhythm. Ven- 
tricular rate increased in all 4 subjects, due 
to speeding up of established idioventricular 


foci. New ventricular foci appeared and 
persisted for varying, but temporary, periods 
at the peak of the effect in the 2 subjects 
(M. K., T. R.) who received the largest 
amount of the drug. Complete atrioventricu- 
lar dissociation persisted at all times during 
the drug effects. 


Isopropylnorepinephrine induced a decided 
change toward normal in cardiovascular 
dynamics in all 4 patients and this effect 
appeared to be associated with the increase 
in ventricular rate. Cardiae output rose 
strikingly; cardiac index increased by an 
average of 52 per cent with a range from 28 
to 88 per cent (table 4). Several factors 
indicate that the increase in cardiac output 


PRESSURE 
MM HG 





O, CONS 


ML/M2/MIN 


BLOOD 
OXYGEN 
CONTENT 


CARDIAC 
INDEX 
L/M2/MIN 


ATRIUM 80 
HEART RATE 70 
PER MIN 40 


VENTRICLE 30 


ISUPREL 
&/MIN 


CONTROL O 20 40 50 80 
MINUTES 


Fic. 1. Hemodynamic effects of isopropylnorepi- 
nephrine administered by intravenous infusion, sub- 
ject T. R. 


(BA), the upper dots are systolic pressures, the 


For the pressure in the brachial artery 


lower dots diastolic pressures, the connecting vertical 
lines pulse pressures, the solid cross bars mean pres- 
sure. Right atrial (RA) pressure is mean pressure. 
For blood oxygen content, the upper dots represent 
arterial (BA) oxygen contents, the lower dots mixed 
venous (RA) oxygen contents and the connecting 
vertical lines A-V oxygen differences. For heart rate, 
atrial rate is represented by broken line, ventricular 
rate by solid line. 


was an actual one. Thus, oxygen consumption 
remained unchanged, A-V oxygen difference 
decreased (average 33 per cent) to the nor- 
mal range, and the decrease in A-V oxygen 
difference was due to a rise of mixed venous 
oxygen content, for arterial oxygen content 
did not change materially. These changes, 
indicating improved cardiac function, oc- 
curred whether the control values were 
decidedly impaired as in the 3 elderly sub- 
jects or normal as in subject P. D. Output 
per beat did not change consistently ; stroke 
volume inereased in 2 subjects, remained un- 
changed in 1, and fell in the fourth patient. 

Relatively small changes in intracardiac 
pressures and in systemic arterial pressure 





mes 
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accompanied the striking increases in cardiac 
output (table 4). 
systolic pressure tended to rise slightly, while 


In the systemic artery, 


diastolic pressure and mean pressure varied 
slightly and inconsistently. Similarly, sys- 
tolic pressure rose slightly in the pulmonary 
artery and right ventricle while right atrial 
mean pressure may have fallen. The large 
increase in cardiac output associated with 
the slight change in systemic mean arterial 
pressure indicates that systemic vascular 
resistance decreased (table 4). 

The cardiovascular effects produced by 
intravenously administered isopropylnor- 
epinephrine were of short duration. The con- 
trol levels for all functions were reached 20 
to 30 minutes after the single intravenous 
injections and after stopping the intravenous 
infusion. The effects produced in 1 subject 
by sublingual administration of a larger 
amount were of longer duration, 114 hours. 

In patient A. S., a 10 mg. linguet of iso- 
propylnorepinephrine produced but little 
hemodynamic change (table 4). Atrial rate 
remained unaltered, ventricular rate increased 
by only 4 beats per minute, cardiac index did 
not change, A-V oxygen difference increased 
0.8 volume per cent, and stroke volume fell 
by 17 ml. Systolic pressure fell in both the 
right ventricle and systemic artery, by 8 and 
26 mm. Hg, respectively. 


DIscUSSION 

The data presented substantiate that the 
cardiovascular hemodynamic state in complete 
heart block without congestive heart failure 
is characterized by increased pressures in the 
right heart, pulmonary artery and systemic 
arteries, increased systemic and pulmonic 
vascular resistances, reduced cardiae output, 
and inereased stroke volume. In the elderly 
subjects the increase in stroke volume was 
not sufficient to compensate for the reduced 
heart rate and cardiac output was decreased. 
However, in the 39-year-old subject (P. D.), 
the increase in stroke volume did compensate 
for the slow heart rate, and cardiac output 
was normal. This finding suggests that in 
the elderly subjects the reduced cardiac out- 
put may have been more the result of myo- 


TABLE 4. 





Isuprel New 
dose lventric-| (per minute) 
and ular | 

route | foci | 


| Heart rate 
| | | Atr- | Ventri- 


Pa- 
tient 


ium cle 


Control 
7.8 pg./min. 
| infusion 


Control 


| 10 mg. 
| linguet 
| 





Control 
10 mg. 
linguet 


Control 
| 40 Mg. I.V. 
| 1 dose 


| 

| 

| Control 
20 ug. I.V. 
| 1 dose 








cardial involvement, on the basis of arterio- 
sclerotic heart disease, than failure to achieve 
a normal cardiac output because of the slow 
heart rate alone. Such a conclusion may not 
he entirely permissible, for the heart rate 
of subject P. D. was higher than that of the 
4 elderly subjects, thereby making it more 
possible for some increase in stroke volume 
to compensate for the bradycardia and to 
maintain a normal cardiac output. 

The low cardiac output in complete heart 
block appeared to be associated, at least in 
part, with low metabolic rate, especially in 
the elderly subjects. Their oxygen consump- 
tions were either reduced below normal or 
at the lower limits of normal. Lowered meta- 
bolic activity was further suggested by low 
levels of thyroid activity in 2 of 3 subjects. 
The 24-hour uptake of radioactive iodine by 
the thyroid gland was 20 per cent in J. Gi., 
25 per cent in E. S., and 40 per cent in T. R. 
Decreasing the bodily demands permits a 
lower cardiac output without the development 
of heart failure and this hemodynamic rela- 
tionship is characteristic of elderly people. 1° 
Nevertheless, except in subject P. D., the 
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Hemodynamic Dynamic Effects of Isopropylinorepinephrine in Patients with Complete Heart Block 


Oxy- | 
gen Car- 

con- Blood oxygen content diac | Stroke| _ eee Te oy ee pti 

sump- (vol. %) index vol- Right 
tion ee sat : ume Right 
(ml./ (1. f atri- 


Pressures mm. Hg | 
| 
dS ee eae? es 
M.2 Arte Mixed A-V M.2/ um | 


temic 
P ] « , rae . 
ulmonary vascular 


Systemic 
ventricle artery 


4 | (mm. 
min.) is venous min.) (ml.) Sys- Dia- Sys- Dia- Sys- | Hg/L. 
(Mean)|_ tolic stolic stolic | stolic Mean stolic | stolic Mean | /min.) 


4 ——— . ~ | 


105 ‘ 70 .59 93 4 65 —3 — 203 


7 


111 ; .98 | 134 


70 


























decrease in cardiac output in the patients 
with heart block fell below their reduced 
bodily requirements. Increased extraction 
from the blood apparently compensated for 
the lowered cardiac output and A-V oxygen 
difference was above the normal range, even 
for elderly subjects (table 2). In this con- 
nection it is pertinent that in 4 patients with 
uncomplicated studied in this 
laboratory the lowered bodily requirements, 


myxedema 


as determined by oxygen consumption, were 
satisfied by the low cardiac output and A-V 
oxygen difference remained normal. Paren- 
thetically, in the subject with the more nor- 
mal oxygen consumption (J. Gi.) eardiae out- 
put was not so markedly reduced. 

The question may be raised whether the 
hemodynamic status in the elderly subjects 
with complete heart block constituted heart 
failure. In the sense that cardiac output 
did not meet bodily demands and A-V oxygen 
difference rose, cardiac function failed. A 
further indication of such failure would be 
afforded by the occurrence of impaired hemo- 
dynamic functions of various organs. Renal 
hemodynamic functions were impaired in the 

















3 patients studied and the impairment was 
more marked than expected for aging alone. 
Furthermore, the renal hemodynamic changes, 
especially the elevation in filtration fraction, 
were of a type considered to be typical of 
congestive heart failure. Filtration fraction 
does not rise strikingly with aging.!! 

On the other hand, in spite of the impaired 
cardiae funetion and reduced cardiac output, 
clinically the heart appeared not to have 
failed. 


failure did not develop, even though cardiae 


The syndrome of congestive heart 


output and renal hemodynamic functions were 
reduced to values usually associated with con- 
gestive heart failure. The patients remained 
in satisfactory health and activity for long 
periods. Subjects J. Gi. and T. R. were with- 
out symptoms or heart failure during 38 and 
Subject E. S. re- 
mained free of symptoms for 80 months, then 
developed congestive heart failure, and died 
suddenly 5 months later. Subject J. Ga. re- 
covered clinically from congestive heart fail- 
ure and with digitalis medication remains 


57 months of observation. 


free of symptoms 22 months later. Subjects 
P. D., M. K., and F. L. died suddenly and 
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apparently not in relation to the status of 
their myocardial competence. 

In the final analysis, cardiac function was 
considered inadequate whether or not clinical 
symptoms or syndromes developed, for in 
these patients with heart block cardiac func- 
tion did not provide a eardiac output com- 
mensurate with bodily needs. In these eld- 
erly subjects lowered metabolic activity and 
increased extraction from the blood com- 
pensated for the decreased cardiae output. 
With lowered bodily requirement making less 


demands for blood, the necessarily increased 


arterial-venous extraction was accordingly 
not too great. The resultant hemodynamic 
abnormality was not, therefore, so great that 
severe dysfunction of organs occurred and 
accordingly disease states and symptoms did 
not develop. The lowered activity of old age 
was therefore to these patients’ benefit. The 
hemodynamic response to exercise was not 
determined. However, because the slow heart 
rate of complete heart biock is unresponsive 
to physiologic stimuli, it is a reasonable con- 
jecture that physical effort would have re- 
sulted in more marked hemodynamic abno~- 
mality, particularly extraction from the blood. 
It is then an interesting speculation whether 
overt congestive heart failure might reason- 
ably be expected if considerable activity were 
Pertinent to 
this point are the observations of Starzl and 


undertaken by these subjects. 


Gaertner,'* that congestive heart failure was 
more apt to occur in the more active of their 
dogs with chronic complete heart block pro- 
duced by surgical transection of the bundle 
of His. 

It is entirely conceivable that the hemo- 
dynamic abnormality described in the patients 
studied is that of arteriosclerotic heart dis- 
ease before the appearance of overt heart 
failure rather than the hemodynamic status 
associated with slow heart rates alone. More- 
over, the course of illness in the different 
subjects suggests that the status of the pri- 
mary heart disease and the degree of myo- 
cardial involvement, rather than the slow 
heart rate or lowered cardiac output, deter- 
mine the course and duration of life in pa- 
tients with complete heart block. 
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It is not the intent of this presentation and 
discussion to make too much of too little. 
Admittedly the number of patients studied 
is few and the differences between their 
hemodynamic functions and the functions in 
control subjects are often only modest. The 
fact remains that in heart block in man the 
hemodynamic abnormalities described exceed 
the values observed in control subjects, both 
by this laboratory and by others.®!! More- 
over, similar hemodynamic abnormalities, 
also suggestive of congestive heart failure, 
were observed by Starzl, Gaertner, and 
Baker™ in dogs with surgically induced com- 
plete atrioventricular block. 

The hemodynamic effects of increasing the 
ventricular rate in complete heart block have 
not been completely determined and, indeed, 
the present observations represent measure- 
ments which are also incomplete. The 
sympathomimetic amine isopropylnorepineph- 
rine improved cardiac function, as indicated 
by the increase in cardiac output and fall 
in A-V oxygen difference, both at normal 
and at lowered levels of cardiac activity. 
However, since isopropylnorepinephrine not 
only increases the activity of idioventricular 
foci in complete heart block, but also stimu- 
lates ventricular muscle,? 1+ two possible 
explanations for the increase in cardiac out- 
put immediately present themselves. The 
increased output may be due simply to an 
increased frequency of ventricular ejection, 
or to a stimulant effect on the myocardium 
increasing the force and hence volume of 
ejection, or both factors may be operating. 
In animals with surgically produced com- 
plete heart block, Starzl, Gaertner, and 
Webb!® demonstrated that increasing heart 
rate alone, by electric stimulation of the 
ventricle, resulted in increased cardiac out- 
put and in higher vascular pressures. The 
data presented do not, however, resolve the 
point for man, unless they indicate that both 
possibilities may be operating together or 
independently to varying degrees under dif- 
ferent circumstances. Thus, in subjects M. K. 
and J. Ga. the increased cardiac output was 


due to inereased rate alone, for stroke volume 
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remained unchanged in M. K. and even fell 
in J. Ga. In contrast, stroke volume increased 
in T. R. and P. D., suggesting a direct myo- 
cardial effect. In view of the small number 
of trials, the differences between subjects, the 
variations in dosage and mode of adminis- 
tration, the present observations cannot re- 
solve the question. Furthermore, the failure 
of patient A. S. to develop changes similar 
to the effects in the other patients remains 
unexplained and may be a matter of insuf- 
ficient dosage or difference in response of 
this individual subject. 

Finally, the present observations deal with 
the acute effects of single doses of isopropyl- 
norepinephrine and leave for future study 
the nature of the changes produced by long- 
term or maintenance medication. 


SUMMARY 


The cardiovascular hemodynamic status of 
4 elderly subjects with complete heart block 
and without clinical evidence of congestive 
heart failure was characterized by elevated 
pressures in the right heart, increased systolic 
and pulse pressure in systemic arteries, in- 
ereased systemic and pulmonic vascular re- 
sistanees, reduced cardiac output in spite of 
increased A-V 
oxygen difference, and impaired renal hemo- 
dynamic funetions. 


increased stroke volume, 


It is not evident how much of the hemo- 
dynamie alteration was due, alone or in vary- 
ing combination, to the slow heart rate, the 
aging process or arteriosclerotic heart disease. 
The hemodynamic changes were suggestively 
similar to those encountered in mild to moder- 
ately severe congestive heart failure and vet 
these patients with persistent heart block re- 
mained in satisfactory health and activity 
for 3 to 7 years and without clinical evidence 
of heart failure. 

Over the course of 2 to 3 years the hemo- 
dynamic abnormality became somewhat more 
severe in 3 subjects but their activity re- 
mained unaltered and heart failure did not 
occur, 

The presence of clinically evident congestive 
heart failure in 3 additional, also elderly, 
subjects was associated with even greater 


abnormalities in the cardiovascular dynamics 
and very low cardiac outputs. 

In 1 younger (39 years) subject with heart 
block the changes in systemic and cardiac 
pressures were the same as in the elderly 
subjects but stroke volume was increased suf- 
ficiently to compensate for the slow heart 
rate and cardiae output was normal. 

The administration of isopropylnorepineph- 
rine by intravenous injection, intravenous 
infusion, and sublingual tablet was associated 
with little change in systemic or cardiac 
vascular pressures but with an increase in 
cardiae rate and cardiac output and a redue- 
tion in A-V oxygen difference in 4 of 5 sub- 
jects. The more normal hemodynamic status 
appeared to be due to both an inerease in 
heart rate and to a direct effect on heart 
muscle, each to varying degrees in the dif- 
ferent subjects. 
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SUMMARIO IN INTERLINGUA 


Le stato hemodynamie cardiovascular de 4 


subjectos de etates avantiate con complete 


bloco ecardiae e sin signos clinic de congestive 
disfallimento cardiac esseva characterisate 
per elevate pressiones in le corde dextere, 
augmentate pression systolic e pression del 
pulso in arterias systemic, augmentate resis- 
tentias vascular tanto systemic como etiam 
pulmonic, reducite rendimento cardiae in 
despecto de augmento del volumine per pulse, 
augmentate differentia arterio-venose de oxy- 
geno, e imperfecte functiones hemodynamic 
renal. 

Il non es clar a qual grado de alterationes 
hemodynamic esseva causate—individual- 
mente o in varie combinationes—per le re- 
lentation del frequentia del corde, per le pro- 
cesso de seneseentia, o per un morbo arterio- 
sclerotic del corde. Le alterationes hemo- 
dynamie esseva simile a illos trovate in casos 
de leve o moderatemente sever congestive dis- 


fallimento cardiac, e nonobstante, iste pa- 
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tientes con persistente bloco cardiac se man- 
teneva in un stato satisfacente de sanitate e 
de activitate durante periodos de 3 a 7 annos 
sin le occurrentia de signos eclinie de dis- 
fallimento cardiac. In le curso de 2 a 3 annos, 
le anormalitate hemodynamic se aggravava 
in un eerte grado in 3 del subjectos, sed lor 
activitate remaneva inalterate e disfallimento 
cardiae non oceurreva. 

Le presentia de evidentia clinic de conges- 
tive disfallimento cardiae in 3 subjectos ad- 
ditional—etiam de etate avantiate—esseva 
associate con mesmo plus grande anormali- 
tates del dynamica cardiovascular e con bas- 
sissime valores del rendimento cardiac. 

In un subjecto de etate minus avantiate 
(39 annos), le bloco eardiae esseva associate 
con le mesme alterationes del pressiones sys- 
temie e cardiac como in le subjectos senes- 
cente, sed le volumine per pulso esseva suf- 
ficientemente augmentate pro equilibrar le 
lente frequentia cardiac, e le rendimento del 
corde esseva normal. 

Le administration de isopropylnorepineph- 
rina per injection intravenose, per infusion 
intravenose, e in le forma de tablettas sub. 
lingual esseva associate con paue alteration 
del pressiones vascular systemic o cardiac 
sed con un acceleration del corde e un aug- 
mento del rendimento cardiae e con un re- 
duction del differentia arterio-venose de oxy- 
geno in 4 ex 5 subjectos. Le plus normal 
stato hemodynamie esseva apparentemente 
causate tanto per un augmento del frequentia 
del corde como etiam per un effecto directe 
super le museculo cardiac. Le grado del effica- 
cia de iste duo factores variava in le varie 
subjectos. 
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Heredity, Environment, and Serum Cholesterol 


A Study of 201 Healthy Families 


By Louis E. Scuarerer, M.D., Davin ApLERSBERG, M.D., AND ARTHUR G. STEINBERG, PH.D. 


Serum cholesterol levels of 1,236 healthy persons, including 775 members of 201 families, 
were analyzed in the investigation of the genetic control of serum cholesterol. It was 
concluded that there is an important genetic component in the determination of this level 
in healthy persons, that the gene is probably not sex-linked, and that environmental 


factors seem to play a lesser role. 


T HAS been shown that age and sex in- 
I fluence serum lipid levels. It has been 
accepted by most investigators that diet, and 
particularly dietary fat, is also concerned with 
lipid metabolism.*-® The role of such factors 
as ethnic origin, occupation, stress, exercise, 
smoking, and alcohol remains debatable.‘ 

This study is concerned with the part 
played by hereditary factors, other than sex, 
in determining serum lipid levels in apparent- 
ly healthy persons. In a previous study the 
incidence of hereditary hypercholesteremia 
was estimated in a sample of the population 
of Mt. Sinai Hospital in New York City.® ® 
Five hundred persons, 250 men and 250 
women, consecutive admissions to the medical 
wards, and the families of 59 of these persons, 
who proved to be hypercholesteremie by the 
standards used! were studied. Twenty-two of 
the 500 index cases (probands) were found 
to be suffering from diseases commonly asso- 
ciated with hypercholesteremia. These 22 
were omitted from further consideration. An 
additional 37 patients fell outside the age 
range covered by the standards. The fre- 
quency of idiopathic hypercholesteremia 
among the remaining 441 probands was found 
to be 12 per cent ; among the siblings and chil- 
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dren of the hypercholesteremie probands it 
was 36.2 per cent and 34.0 per cent, respec- 
tively. Based on these data it was assumed 
that idiopathic hypercholesteremia is deter- 
mined by a dominant gene with incomplete 
penetrance, an hypothesis in accord with that 
of others. ™ 

Since idiopathic hypercholesteremia may 
occur in otherwise healthy persons, it was de- 
cided to repeat the study among family groups 
representative of the general population. It 
is now well recognized that data derived from 
different populations are not necessarily com- 
parable.* It was decided, therefore, to estab- 
lish standards pertinent to the population 
under investigation. 


MerHops 


Families and unrelated individuals were 
selected at random from among city employees 
undergoing a routine physical examination in 
Staten Island, N.Y. Families in which any mem- 
ber was found to have a disease such as hypo- 
thyroidism, uncontrolled diabetes, nephrosis, or 
thyrotoxicosis were eliminated from the study, 
because these disorders may be associated with 
hypercholesteremia. Similarly, unrelated individ- 
uals known to have one of the diseases enumerated 
above were eliminated from the study. 

The members of 201 families, comprising 775 
persons, and an additional 461 persons unrelated 
to others in the study were investigated. A 
history was taken and a physical examination 
performed on each person. A specimen of venous 
blood was drawn and analyzed for free and 
esterified cholesterol by the method of Sperry and 
Schoenheimer,” and for phospholipid by the 
Sperry modification” of the method of Fiske and 
SubbaRow. Cholesterol levels were determined 
for each of the 1,236 persons studied; phospho- 
lipid levels for 1,067 of these. 
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TABLE 1.—Ethnic Origin, Race, and Religion of 
Population Studied 


No 


| 
: | _ 
Race | 
White | 
Non-white | 
| 
| 


National origin 
Italy 
Ireland 
England, Scotland 
Germany | 
Scandinavian countries 
France 
Spain 
Poland 
Hungary 
All others 


Religion 
Catholic 
Protestant 
Jewish 
Moslem 








RESULTS 
Ethnic and Social Composition of the Popu- 
lation 

Data concerning race, national origin, and 
religion of the members of the sample are 
shown in table 1. The population is predom- 
inantly white (98 per cent) of middle and west 
Juropean origin (94 per cent). Approximate- 
ly 55 per cent of the men had occupations of 
the ‘‘outside laboring’’ type. The occupa- 
tions of the remaining 45 per cent of the men 
were essentially clerical or academic and kept 
them indoors most of the time. All the women 
had indoor occupations, the majority of them 
being full-time housewives and most of the 
remainder being engaged as clerks or teach- 
ers. The sample studied belonged to the low- 
middle and middle income groups. 

The families were composed of 201 fathers, 
201 mothers, 197 daughters, and 167 sons. 
The average age of the fathers was 44.2 years; 
of the mothers, 40.5 years; of the daughters, 
13.1 years; and of the sons, 12.7 years. The 
population of unrelated persons was com- 
posed of 258 men and 212 women whose av- 
erage ages were 52.5 and 50.7 respectively. 


TABLE 2.—Changes in Serum Cholesterol Level with 
Age in Males and Females 


Age interval (yr.) 


Males 

2-19 —0.471 
20-32 5.614 
33-60 0.008 


Females 
2-32 —0.019 
33-58 2.990 





* The average annual change of total serum choles- 
terol in mg. per 100 ml. is represented by the coeffi- 
cient b in the regression equation y=a+bx where 
x =age in years and y=serum cholesterol level. 

+ Probability that the true value of the average 
annual change may be zero. 


Serum Cholesterol Levels 

The data derived from this population in- 
dicate that the average serum cholesterol lev- 
el for males remains constant during ages 2 
through 19 years, increases markedly there- 
after to age 32, and then again remains es- 
sentially constant to age 60 (table 2). The 
average serum cholesterol levels for females 
remains constant through age 32 years and 
Our data are insuf- 
ficient after the ages of 60 years in males and 


then inereases to age 58. 


58 in females to establish levels in these upper 
Similar conclusions 
based on fewer data were published in an 


age ranges (table 2). 


earlier communication (3) .* 

The period of marked physiologic increase 
of serum cholesterol level with age starts in 

*In the original paper*® reference to the annual 
increment of serum cholesterol in males was noted to 
be 3.622 mg. per 100 ml. per year between the ages 
of 20 and 33. In table 2 of the present paper the 
increment is seen to be 5.614 mg. per 100 ml. pet 
year in males from the ages of 20 to 32. This ap- 
parent difference is not a real one. The slope of 
the curves is the same. The increase in the figure 
is due to the use of age 32 as a breaking point in 
the present table (involving 68 persons); whereas in 
the original table the breaking point was taken at 
age 33 (involving 74 persons). This change of 1 
year in the breaking point accounted for the dif- 
ference. In no other age group was there a strik- 
ing change between the original table, which included 
observation of 1,062 persons, and the present table 
2, which includes the original 1,062 plus 174 addi 
tional persons. 
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males about 13 years earlier than in females 
and is of shorter duration. The annual in- 
erements are also greater in men. The differ- 
nee in age trends of men and women may 
have some bearing on the well known prepon- 
derance of coronary artery disease in the 
vounger age groups in males. 

Inasmuch as the average serum cholesterol 
level remains constant for males during the 
ige interval 2 through 19, the mean and stand- 
ird error for these age levels were computed 
‘rom the data for the 184 persons in this age 
ange. Similarly, the mean and standard er- 
‘ors for men in the age range 33 through 60 
vears were based on 368 persons found in this 
ige interval. The mean and standard error 
or the serum cholesterol level for females 
izes 2 through 32 years were based upon the 
lata from the 310 females in this age range. 

The means and upper five per cent levels for 
he males in the age range 20 through 32 years, 
and females in the age range 33 through 58 
years were computed from their respective re- 
vression equations (y = 70.715 + 5.614x and 
y = 103.413 + 2.990x for males and females, 
respectively, where y = computed cholesterol 
level and x = age). The means (or predicted 
values) and the upper five per cent levels are 
presented in table 3. These upper five per 
cent levels were used as age-and-sex-specific 
standards for determining the presence of 
hypercholesteremia. 

There were 11 families in which the father 
was hypercholesteremic and 8 in which the 
mother was hypercholesteremic. Six (17 per 
cent) of the 36 children in these 19 families 
vere hypercholesteremic. There were 337 
‘hildren in the 182 families in which both par- 
‘nts were normocholesteremic. Only 8 (2 per 
‘ent) of these 337 children were hypercholes- 
eremic. The probability that the difference 
etween the frequencies of hypercholester- 
‘mia among the children of these 2 groups of 
‘amilies is due to sampling is less than .01. 
We previously suggested that hypercholes- 
‘eremia may be due to a dominant gene with 
70 per cent penetrance.® The data of the pres- 
ent sample may be tested against this hypoth- 
esis as follows: 


TABLE 3.—Mean or Predicted Level and Upper 65 
Per Cent Values of Serum Cholesterol 
SS ee a 


Upper Upper 
5% level 5% level 


Age Mean 


Male 
2-19* 
207 
21 
22 
23 
24 
25 


26 


Females 
2-328) 196.8 
33 202. 
34 205. 
35 208. 
36 211. 
37 214. 
38 217. 

220. 

223. 

226. 

229. 

232. 

235. 

238. 


on 


315. 
318. 
321. 
324. 
327. 
330. 
336. 
339. 
342. 
345. 
347 .§ 
350. § 


NOS bw bh 











ee) 








| 
| 
| 
| 





* Based on 184 males between ages 2 and 19 years 
inclusive (¢ =36.8). 
+ Means for ages 20 to 32 predicted from regression 
equation in table 2. 
t Based on 368 males between ages 33 and 60 in- 
clusive (o = 48.4), 
§ Based on 312 females between ages of 2 and 32 
inclusive (¢ =36.5). 
** Mean values predicted from regression equation in 
table 2. 


(A) The frequency of hypercholestermia 
among the children of families with a hyper- 
cholesteremic parent may be compared with 
the expectancy on the basis of the above hy- 
pothesis. The expected number of hypercho- 
lesteremie children among the 36 in these fam- 
ilies is 12.6, 6 were observed to be hypercho- 
lesteremic. In this small sample, the proba- 
bility that the deviation is due to chance is 
approximately .05. 

(B) The frequency of hypercholesteremia 
among the parents of hypercholesteremie chil- 
dren may be compared with the expectancy. 
There are 13 families with affected children 
(6 families with an affected parent and 7 
with only normal parents). Assuming domi- 
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TABLE 4,—Correlation Coefficients* 


| 
| 
| 
| 
| 
1 
| 


Mother-father | | 0056 | 2 

Father-child | 373 | .2101 001 
Mother-child | 373 | .3646 | .001 
Sibling-sibling 2: .3701 | .001 


Father-son 181 | (1558 | 01 

Father-daughter 192 2616 | .001 
Mother-son 181 | .3402 | .001 
Mother-daughter | 192 | .3903 | .001 


| | 


* All cholesterol levels converted to equivalent levels 
for males aged 20 to eliminate factors of age and sex. 
+ Intraclass r based on first and second siblings only. 


nant inheritance with 70 per cent penetrance 
9.1 of the 26 parents of these 13 families would 
be expected to be hypercholesteremic. As 
stated above, 6 of the 26 parents were found to 
be hypercholesteremic. The probability that 
the difference between the observed and ex- 
pected numbers may be due to sampling is 
greater than .20. 

The data are consistent with the hypothesis 
that hypercholesteremia is due to a dominant 
gene with incomplete penetrance. They are, 
however, few in number and in each compari- 
son the deviation was in the direction of too 
few affected observed. Accordingly, it was 
thought advisable to examine the data further 
for evidence of a genetic factor in determining 
the serum cholesterol level. 

If the genotype (genetic constitution) of 
an individual is important in determining se- 
rum cholesterol level, the levels of the fathers 
and mothers should not be correlated, while 
those of the fathers and their children, and 
the mothers and their children, and of the 
siblings should be positively correlated. <Al- 
ternately, if environmental factors are im- 
portant in determining serum cholesterol lev- 
els, the levels in the parents’ sera should be 
correlated with each other as well as with 
those in their children. 

The appropriate correlation coefficients 
were computed to test these expectations. All 
serum cholesterol levels were converted to 
equivalent levels for males aged 20 years to 
eliminate factors of age and sex that have 
been shown to affect the cholesterol level. The 


conversions were accomplished by subtract 
ing the difference between the expected valu: 
for males aged 20 years and that for an in 
dividual of the appropriate age and sex fron 
the observed values. The correlation coeffi 
cients are shown in table 4. In accordance: 
with expectation based on the hypothesis tha 
the genotype is of primary importance in de 
termining serum cholesterol levels, the corre 
lation coefficient between the parents is es 
sentially zero, while those between father an 
child, mother and child, and siblings are posi 
tive and significantly different from zer 
(table 4). 

The probability that the difference (.1545 
between the. correlation coefficient for thi 
mother-child pairs (.3646) and that for the 
father-child pairs (.2101) may be chance is 
approximately .02. A greater correlation be 
tween mother and child than between father 
and child would be expected if one or mor 
sex-linked genes have an important influenc 
on serum cholesterol levels. Such genes 
would tend (1) to decrease the correlation co 
efficient between father and son, (2) to in 
crease those between father and daughter, and 
mother and son to the same extent, and (3) to 
leave that between mother and daughter un 
affected. In brief, we would expect the corre 
lation between father and son to be least. 
that between mother and daughter to be some 
what greater, and those between father and 
daughter and mother and son to be approxi 
mately equal and greater than the others. The 
data are presented in the lower portion of 
table 4. 


correlation between father and son is least, 


In accordance with expectation the 


but the correlation between mother and 
daughter, in contradiction to expectation, is 
greatest. 

Six different pairs may be formed from a 
group of 4 items. Statistical comparisons 
were made between members of each of 6 pairs 
formed from the set of 4 correlation coeffici- 
ents in the lower portion of table 4. The dif- 
ferences between the members of 5 of the 6 
pairs were not statistically significant. The 
probability that the difference between the 
correlation coefficients for father and son, and 
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1 mother and daughter is due to sampling 
.015. (All comparisons were made after con- 
erting r to z.) When six comparisons were 
iade the probability of observing a value of 
of .015 or less is .09. Hence, we cannot lay 
uch significance upon the finding of a proba- 
ility of .015 for 1 comparison in 6. Further- 
iore, combining the 6 independent compari- 
ms by converting each of the independent 
ilues of p to x? with 2 degrees of freedom 
ields a x? of 13.5128 with 12 degrees of free- 
om, p > .30. Hence, there is no evidence of 
‘terogeneity among these data. 
The data derived from correlation coeffici- 
it analyses are consistent with the hypothesis 
iat there is an important genetic component 
| the determination of serum cholesterol lev- 
cls. They do not indicate that sex-linked 
venes play an important role in determining 
this level. 
DiscussION 


Evidence is increasing that genetie factors 


ure important in determining the serum cho- 


lesterol coneentration at both normal and 
elevated levels. The gene or genes for choles- 
terol level determination are apparently not 
sex-linked. The genetic determination of se- 
rum cholesterol and other lipid levels does 
not exelude the possibility and probability 
that environmental factors may be effective 
in influencing the serum cholesterol level. 
The observations presented in this paper 
suggest the necessity for revising the defini- 
on of hypercholesteremia. Because of the 
ole of age and sex in regulating cholesterol 
vels it is apparent that average and ‘‘hyper- 
iolesteremie’’ standards must be computed 
tor the population sample under study and 
rreeted for age and sex. 
With the establishment of adequate stand- 
‘ds accurate screening of the population for 
‘rsons who have an inereased tendency to 
ie development of hypercholesteremia _be- 
mes feasible. Members of hypercholester- 
nie families may be identified early in life 
id kept under medical supervision. Obesity 
iould be controlled. The steady use of a low- 
it diet, in line with present thinking, is 
robably justified. 


i: 


As in other inherited metabolic faults (dia- 
betes, gout), control of abnormal lipid metab- 
olism will be developed with better under- 
standing of the metabolic error involved. 
Such therapeutic possibilities may include 
dietary regulation, hormones, and other drugs. 


SUMMARY 


In investigating the genetic control of serum 
cholesterol level 1,236 healthy persons, inelud- 
ing 775 members of 201 families, were studied. 

Analysis of the data derived from this study 
indicates that there is an important genetic 
component in the determination of serum 
cholesterol level in healthy persons; the gene 
is probably not sex-linked. 

Environmental factors appear to play a 
less important role. 

The necessity of changing our current con- 
cepts of ‘‘hypercholesteremia’’ is discussed. 


SUMMARIO IN INTERLINGUA 


Le dependentia genetic del nivello seral de 
cholesterol esseva studiate in un gruppo de 
1,236 personas, incluse 775 membros de 201 
familias. 

Le analyse del datos obtenite indica que il 
existe un importante componente genetic in 
le determination del nivellos seral de choles- 
terol in personas de bon stato de sanitate. Il 
es probabile que le gen es libere de attacha- 
mento sexual. 

Factores de milieu pare haber un rolo mi- 
nus importante. 

Es diseutite le necessitate de modificar 
nostre conceptos ecurrente de ‘‘hypercholes- 
terolemia.’’ 
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Medical Eponyms 


By Rosert W. Buck, M.D. 


Heberden’s Nodes. The following is not a partial quotation, but represents the entire 
commentary made by William Heberden (1710-1801) on the nodes which perpetuate his 
name. His Commentaries on the History and Cure of Disease (Commentarii de Mor- 


borum Historia et Curatione) is dated 1782. 


(London, 1816). 


The quotation is from the fourth edition 


“What are those little hard knobs, about the size of a small pea, which are frequently 
seen upon the fingers, particularly a little below the top, near the joint? They have no 
connection with the gout, being found in persons who never had it; they continue for life; 
and being hardly ever attended with pain, or disposed to become sores, are rather un- 
sightly, than inconvenient, though they must be some little hindrance to the free use 


of the fingers.” 





Value of an Electrode Catheter in Diagnosis 
of Ebstein’s Disease 


By Bernarp J. B. Yim, M.D., anp Paut N. Yu, M.D. 


Various features of Ebstein’s disease, an unusual congenital malformation of the tri- 
cuspid valve, are discussed briefly. Cardiac catheterization with the use of an electrode 
catheter in such a case is described. The pathophysiologic changes as illustrated by 
simultaneous intracardiac potentials and pressures are discussed. 


BSTEIN’S disease is a congenital mal- 

formation and displacement of the 
ricuspid valve, in which the 3 leaflets of the 
alve are displaced distally and attached 
irectly to the ventricular wall.’  Fre- 
uently individual leaflets cannot be iden- 
ified and are represented only by remnants 
ff a basket-like arrangement of fibers and 
ords. The deformed valve divides the right 
entricle into 2 chambers—a distal one in the 
egion of the right ventricular outflow tract 
with walls of normal thickness and a proxi- 
ial grossly dilated chamber with markedly 
thin walls upon which the tricuspid valve or 
its representatives are adherent. This proxi- 
mal chamber is continuous with a dilated and 
venerally hypertrophied right atrium. In 
most cases an interatrial septal defect or 
patent foramen ovale is present. 

A clinical picture has evolved so that one 
may suspect the diagnosis with a high degree 
of aceuraey during life.** On occasions, 
however, the picture may be confused with 
acquired tricuspid or mitral valvular dis- 
ease, pulmonic stenosis with interatrial septal 
lefect, or pericardial effusion. Indeed, opera- 
ions have been performed inadvertently in 
he past in patients with Ebstein’s disease 
vith dire results.) * * 1° 


From the Chest Laboratory, Department of Medi- 
ine, University of Rochester School of Medicine and 
entistry, Strong Memorial and Rochester Municipal 
lospitals, Rochester, N.Y. 

This study was supported in part by a grant-in-aid 
rom the National Heart Institute, by a grant from 
he American Heart Association partially supported 
'y the Cayuga County New York Heart Chapter, and 
'y the Hochstetter Fund and Ernest L. Woodward 
“und. 


On routine cardiac catheterization the diag- 
nostic points reported include the presence 
of a large dilated right atrium; and 2 areas 
of different pressures to the left of the spine, 
presumably from the right ventricle, with the 
proximal low ‘‘ventricular’’ pressure being 
indistinguishable from right atrium.*: ®& 1) 12 
The sole factor in attributing pressures to 
be right ‘‘ ventricular,’’ however, was the loca- 
tion of the catheter in relation to the spine. 
Normal pressures in the pulmonary circuit 
and frequently a shunt at the atrial level are 
additional findings. 

The utility of an electrode catheter was 
first suggested when Sodi-Pallares and asso- 
ciates!* + described their method of obtain- 
ing monophasic ventricular potentials by the 
use of an exploring electrode .pressed against 
certain points of the interventricular septum 
in a ease of Ebstein’s disease. Based upon 
the observations of Sodi-Pallares, Hernandez 
and his associates!’ reported in 3 eases of 
Ebstein’s disease right ventricular intracavity 
electrocardiographie patterns in the portion 
of the right ventricle near the tricuspid valve 
where low pressure was recorded. Pathologic 
studies support the thesis of identifying ven- 
tricular musculature in a zone where ‘‘atrial”’ 
pressures are obtained. With simultaneous 
recording of intracardiac electric potentials 
and pressures in a clinically suspected case, 
the location of the catheter within the heart 
was clearly identified, and 2 right ventricular 
chambers with different pressure patterns 
were demonstrated. Emslie-Smith and _ co- 
workers!® also suggested using the electrode 
catheter to define anatomic lesions in congeni- 
tal heart disease, with particular reference to 
the localization of pulmonic stenosis. 
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Fic. 1. The routine 12-lead electrocardiogram shows 
peaked P waves and prolonged intraventricular con- 
duction resembling right bundle-branch block. The 
long leads of II and V:i are representative tracings 
during a bout of supraventricular tachyeardia. 


CasE REPORT 

J. K. #338710, a Negro woman, was first seen 
at age 24 at the University of Rochester Medical 
Center in January 1952 because of abdominal 
pain. The pain was thought to be due to pelvic 
inflammatory disease. Surgery was deferred be- 
cause of findings relative to the heart. 

She gave a history of heart disease since child- 
hood with limitation of activity, but there was no 
suggestion of rheumatic fever. She reported. a 
recent increase in shortness of breath on exertion, 
and repeated “heart attacks” in the past. These 
were characterized by apprehension, palpitations, 
frequent fainting, dusky nails, but not chest pain. 

She had been hospitalized elsewhere for 1 year 
previously for a spontaneous abortion. Two years 
before an appendectomy and removal of a left 
ovarian cyst were performed. 

On examination she appeared apprehensive but 
nét aeutely ill. The blood pressure was 100/70 
mm. Hg. There was no evidence of clubbing of 
the fingers nor of cyanosis. The lungs were clear. 
The maximum cardiac impulse was seen diffusely 
in the fifth and sixth intercostal spaces at the left 
anterior axillary line. A soft systolic thrill was 
felt along the left sternal border, extending to the 
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Fic. 2. Chest film. 


apex. <A short, harsh systolic murmur of grade 
IV intensity was heard loudest along the left 
sternal border in the third and fourth interspaces 
and was transmitted over the entire precordium. 
A third heart sound was present in the same area 
as the systolic murmur. Diastolic murmurs could 
not be definitely identified. The abdomen was 
tender to deep palpation in the lower quadrants. 
The liver was not palpable. 

Routine laboratory data showed a_ negative 
serologic test for syphilis and the absence ot 
polycythemia, 

The electrocardiogram showed a sinus rhythm 
with a rate of 72, P-R interval of 0.18 second, a 
QRS of 0.12 second, and was interpreted as show 
ing an intraventricular conduction defect (prob 
ably right bundle-branch block), abnormal peaked 
P waves, and inverted T waves over V;.; (fig. 1). 
The chest film showed a generally enlarged heart 
of globular shape with clear lung fields (fig. 2). 

A phonoecardiogram confirmed the systolic mur 
mur and third heart sound, and also suggested the 
presence of a short presystolic murmur along the 
left sternal border at the third and fourth inter- 
costal spaces. Fluoroscopy on the horizontal table 
again showed generalized heart enlargement with- 
out hilar pulsation. It appeared that the right 
ventricle was particularly enlarged, although there 
was a wide swing of the esophagus on barium 
swallow. A cineangiocardiogram was technically 
poor because of a spontaneous Valsalva maneuver 
and beeause of dilution defects in the large heart. 





DIAGNOSIS OF EBSTEIN’S DISEASE 


However, it was thought to be suggestive of an 
nteratrial septal defect. The arterial oxygen 
saturation was 88.6 per cent at rest. 

The patient was discharged after a stay of 10 
lays. She was advised to visit the cardiae clinic 
but was not seen again until June 1954, when she 
returned with a supraventricular tachyeardia at a 
rate of 160. In the preceding 2 years she had 
‘xperienced “heart attacks” repeatedly, 9 in the 
month before admission. Examination was un- 
changed except for a definite presystolie murmur 
heard along the left sternal border at the third 
and fourth intercostal spaces. The arrhythmis 
stopped spontaneously. On this admission the 
diagnosis of Ebstein’s disease was suggested. 

Cardiac catheterization was performed on 
January 25, 1955, and an electrode catheter was 
used. Arrythmias were not encountered. Simul- 
taneous recordings of intracardiac pressures and 
potentials were obtained while the tip of the 
catheter was withdrawn from the pulmonary 
artery, across the pulmonic valve, through the 
right ventricle, across the tricuspid valve, and 
into the right atrium. Repeated observations 
demonstrated a pressure change occurring near 
the lower portion of the right ventricular outflow 
tract from ventricular to atrial, although the 
simultaneous intracardiac electrocardiogram  re- 
mained ventricular in form. In this position, the 
tip of the catheter was clearly far beyond the left 
side of the spine. When the tip of the catheter 
was slowly withdrawn across the spine, no signifi- 
cant change in the contour of the pressure pattern 
was observed although the intracardiac electro- 
cardiogram suddenly changed to an atrial type. 

The catheterization thus demonstrated a proxi- 
mal ventricular chamber with ventricular poten- 
tials but with atrial pressures. In addition, the 
blood gas analysis demonstrated a predominantly 
eft-to-right shunt at the atrial level. A co-exist- 
ng right-to-left shunt was suggested by the degree 
£ arterial oxygen desaturation demonstrated 
arlier. The pressure-potential tracings are de- 
victed separately (fig. 3) and the location of the 
ip of the catheter is illustrated in figure 4. 

Since first being seen, this patient has had 
ver 30 visits to the hospital, usually in the emer- 
ency department, and generally for bouts of 
alpitation. The attacks were similar to those 
escribed with an occasional report of dusky nails 
nd fainting. Signs of heart failure had not been 
bserved. Many attacks had been documented 
lectrocardiographically to be bouts of supraven- 
ricular tachyeardia, usually stopping in a short 
eriod of time. On several occasions intravenous 
uinidine in 0.4-Gm. doses given slowly over 
everal hours had been required. Various regi- 
ens for prophylaxis had been tried, quinidine 
ppearing to be most effective. There seemed to 


TABLE 1.—Catheterization Data 
a 
Oxygen content Saturation 


Blood gas analysis (vol. %) (%) 
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Pulmonary artery 14.09 75. 
Pulmonary conus 13.85 74. 
Right ventricle 13.28 ck 
Low right atrium 13.29 Ok: 
High right atrium 12.76 68. 
Superior vena cava 9.83 52. 
Brachial artery 16.98 91. 


Ie w ww 
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Systolic/ 


Pressures (mm. Hg) diastolic Mean 


Pulmonary artery 33/11 15 
Distal right ventricle 33/5 

Proximal right ventricle ao 
Right atrium 
Brachial artery 


124/68 








be no reliable program because of lapses of taking 
the medications on the patient’s part. 

Throughout the follow-up period physical ex- 
aminations, chest films, and _ eleectrocardiograms 
revealed no progressive changes. 


DIscUSSION 

The diagnosis of Ebstein’s disease in this 
case was suspected on the basis of documented 
bouts of paroxysmal supraventricular tachy- 
cardia, the configuration of the heart, and 
the pattern of the electrocardiogram, and it 
was confirmed by cardiac catheterization. 
Many authorities state that Ebstein’s disease 
as a clinical syndrome may be diagnosed or 
at least suspected with a high degree of ae- 
curacy during life.’:*~® Their findings are 
summarized _ below. 

Symptoms are remarkably mild in relation 
to the heart size. Cyanosis is usually mild 
or absent at rest, and becomes more evident 
with exercise or during bouts of tachycardia. 
When present, cyanosis usually oceurs in later 
life. Exercise tolerance is unusually good, 
although the majority of patients complain 
of some degree of fatigability. The incidence 
of paroxysmal palpitations is strikingly fre- 
quent. 

On examination clubbing of the fingers, 
polycythemia, and cyanosis at rest are un- 
common. The heart is grossly enlarged. De- 
spite the size, the heart is unusually quiet. 
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Fig. 3. These tracings illustrate the precordial electrocardiograms (top), intraeardiae 
(intracavity) electrocardiograms (middle), and pressure patterns (bottom) taken simultane- 
ously at different sites during cardiac catheterization. The large deflections of the pressure 
tracings are artifacts. A. Right pulmonary artery. The intracardiac potential shows a deep 
inverted P wave, an rSr’ complex and an inverted T wave. The pulmonary pressure is 33/11 
with a mean of 15 mm. Hg. B. Right ventricular outflow tract. The intracardiac potential 
is characterized by a small upright P wave followed by a small R wave and a deep S wave. 
The T wave is deeply inverted. The right ventricular pressure is 33/5 mm. Hg. Note that 
the initial upstroke of the ventricular pressure begins after the R wave in both precordial 
and intracardiac electrocardiograms. C. Below the right ventricular outflow tract, adjacent 
to the left border of the heart. The right ventricular intracardiae potential continues to be 
similar to those of the right ventricular outflow tract (B) except for a deeper S wave and a 
less deeply inverted T wave. The pressure pattern in this area is distinetive in that the initial 
upstroke begins after the P wave but before the QRS complex. In this respect it resembles 
an atrial pressure pattern. 

D. **Mid right ventriele.’’ The intracardiae potential continues to show right ventricular 
activity, resembling those recorded at position B. Despite this, the pressure is atrial in con- 
figuration. The magnitude of the pressure in this area and in location (C) is definitely lower 
than that in the right ventricular outflow tract (B). It is almost identical to that obtained 
in the right atrium proper (fF). #. Drawing back across the spine, the usual location of the 
tricuspid valve, where the intracardiae potential changes from right ventricle to right atrium. 
This potential change is clearly shown by the sudden appearance of a large diphasic P wave 
followed by an rSr’ complex. However, there is no change in the contour or magnitude of the 
pressure. F,. High right atrium, along the right eardiae border. The intracardiae potential 
shows a large negative P wave and a tiny QRS complex. This atrial pressure is elevated and 


shows a distinct ‘‘a’’ wave. 
Signs of right ventricular hypertrophy such mitted over the entire precordium. A com 
as a parasternal heave or lift are absent. A mon finding is the presence of a triple rhythn 


moderately loud systolic murmur is present near the apex. Frequently in the same are: 
to the left of the sternum and may be trans- a diastolic murmur may be heard. Wood 





IAGNOSIS OF EBSTEIN’S DISEASE 


ias Stated that a superficial diastolic scratch 
nay be a pathognomonic sign. 

Radiographic examination shows a large 
‘lobular heart shadow resembling pericardial 
{fusion, with a prominent right border, small 
vedicle, and pulmonary artery segments, and 
lear lung fields. Distinctive features in the 
‘lectrocardiogram include tall peaked P 
vaves and prolonged intraventricular con- 
luction usually of a right bundle-branch block 
ype. Occasionally the QRS complexes are 
jizarre. The P-R interval may be long. The 
requent bouts of paroxysmal tachycardia are 
upraventricular in origin. 

Many workers have stressed the point that 
urgery, particularly a shunting procedure, 
s contraindicated in this condition and there 
re several reports describing death follow- 
ng surgery.' &' Caution has been urged in 
ihe catheterization of patients with Ebstein’s 
disease because of the danger of arrhyth- 
17 Campbell’ stated that cardiac 
catheterization should not be carried out in 
these patients unless there are special reasons 
for it. On the other hand, several workers 
have not encountered serious arrhythmias dur- 


mias.t 5 


ing catheterization in a large group of pa- 
tients.& 1° 18 Hlowever, it should be stressed 
that we cannot dismiss lightly the hazard of 
this procedure in patients with Ebstein’s dis- 
case. If this procedure is performed, it re- 
quires constant monitoring of the electrocar- 
diogram. 


The presence of supraventricular 
or ventricular tachyeardia should be an indi- 
ation for discontinuing the procedure. 
As mentioned previously, the distinctive 
‘atures on catheterization that have been de- 
‘ribed include a_ grossly dilated right 
trium®*. 12 in which the catheter may coil, 
id elevated atrial pressure.*: + Displacement 
‘ the tricuspid valve has been assumed by the 
‘monstration of 2 areas of different pres- 
ires well to the left of the midline.® ! }§ 
i a given case, however, a variety of abnor- 
al findings may be encountered that may be 
ficult to interpret. A pressure gradient 
‘ross the pulmonie valve® 1% '8 may suggest 
ulmonie stenosis. A gradient across the tri- 
ispid valve suggesting tricuspid stenosis is 


Fic. 4. Illustrates the location of the tip of the 
catheter where simultaneous pressures and potentials 
were obtained described in figure 3. 


also described.6 On the other hand, a pattern 
simulating tricuspid insufficiency may be pres- 
ent.» 1.12. Tn some cases pressure impulses 
from atrial contraction may be transmitted 
and superimposed on those from the right ven- 
tricle or pulmonary artery.® 

Although the clinical syndrome of Ebstein’s 
disease may be apparent during life without 
cardiae catheterization, this procedure re- 
mains the most useful tool for obtaining a 
definitive diagnosis, especially in a confusing 
case where the question of surgical interven- 
tion may be raised. Hecht’? and Kossmann 
and his co-workers?’ have shown that intra- 
ecardiae potentials are distinctive and repre- 
sentative for various positions within the 
heart. With the electrode catheter in the pres- 
ent case, simultaneous pressures and poten- 
tials provided a graphic representation of the 
structural abnormalities. This is demon- 
strated by a distinct change in pressure from 
ventricular to atrial just below the right ven- 
tricular outflow tract. Atrial pressures per- 
sist in this zone despite simultaneous demon- 
stration of intracardiae potentials of ventric- 
ular form. This point where pressures sud- 
denly change is most likely that area where 
the displaced tricuspid valve divides the right 
ventricle proper into 2 chambers. Slow with- 
drawal of the catheter reveals a second point 
lower in the right heart, near the usual po- 
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sition of the tricuspid valve, where the intra- 
cardiac potential suddenly changes from 
ventricular form to that of atrial, but where 


there is no concomitant alteration in pres- 


sure. This is further evidence for the ‘‘atri- 
alization’’ of the proximal right ventricle. 


SUMMARY 

A case is reported that possesses all the 
clinical features of Ebstein’s disease. Cardiac 
catheterization, with the use of an electrode 
catheter to record simultaneous potentials 
and pressures, gave graphic representa- 
tion of the anatomic changes. It is suggested 
that the diagnosis of Ebstein’s disease can be 
made with a greater degree of certainty by 
use of the electrode catheter than by the usu- 
al means heretofore reported. 


SUMMARIO IN INTERLINGUA 

Es reportate un caso exhibiente omne le 
aspectos clinic de morbo de Ebstein. Catheter- 
isation cardiac, per medio de un catheter elec- 
trodie que permitteva le registration simul- 
tanee de potentiales e pressiones, resultava in 
un representation graphic del alterationes 
anatomic. Es postulate que le diagnose de 
morbo de Ebstein pote esser establite con un 
plus alte grado de certitude per usar le cathe- 
ter electrodic que per le medios communmente 
reportate in le passato. 
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Postpericardiotomy Syndrome Following Surgery 
for Nonrheumatic Heart Disease 


By Tomiko Iro, M.D., Mary ALLEN ENGLE, M.D., anp HeNry P. GoupBerc, M.D. 


Widespread intracardiac surgery of rheumatic heart disease has brought to medical 
attention a puzzling postoperative complication, usually designated the ‘“postcomimis- 
surotomy syndrome” and often considered to represent reactivation of rheumatic fever. 
Herein are reported instances of an identical complication following intrapericardial 
surgery of congenital heart disease. It is suggested that the delayed febrile pleuro- 
pericardial reaction represents a traumatic pericarditis and that a preferable name for 


it is the postpericardiotomy syndrome. 


HE recent development and widespread 

application of intracardiac surgery for 
patients with rheumatie mitral stenosis has 
brought to medical attention a frequent post- 
operative complication, usually designated the 
‘*postcommissurotomy syndrome.’’ The na- 
ture of this complication is obscure. Its oc- 
currence following mitral valvotomy is_be- 
lieved by some observers to represent a reac- 
tivation of rheumatic fever,’ while others 
relate it to the trauma of surgery." 

The ‘‘postcommissurotomy syndrome”’ has 
heen reported to occur in 10 to 40 per cent of 
patients after mitral valve surgery. It is of 
variable duration and is characterized by 
pleuropericardial pain, sometimes with effu- 
sions, and by slight to moderate fever. The 
temperature elevation may be continuous 
with that of the immediate postoperative pe- 
‘iod or may appear several weeks or months 
ifter the operation. The chest pain is usually 
i constricting precordial pain that frequently 
‘adiates to the back, epigastrium, shoulders, 
rr neck and is often accentuated by changes in 
sition, by breathing, or by swallowing. Oc- 
‘asionally there is myalgia or arthralgia but 
rthritis is rare. Leukocytosis, increased sedi- 
uentation rate and elevated C-reactive pro- 
ein are usually present. The antistreptoly- 
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sin-O titer, however, is not elevated, and the 
occurrence of the syndrome has not been cor- 
related with the presence of Aschoff bodies in 
the biopsy of the atrial appendage.* 1 

One argument against the rheumatic nature 
of this complication is the occurrence of an 
apparently identical syndrome following car- 
diac surgery in patients without rheumatic 
heart disease. We have recently observed 
several patients with various types of congeni- 
tal malformations of the heart and great ves- 
sels who developed such a complication. The 
common denominator in this group, with a 
variety of operative procedures, was found 
to be wide exploration of the pericardium. 
The syndrome was not observed following 
surgery when the pericardial cavity was not 
entered. Therefore, the records of all non- 
rheumatic patients who survived pericardial 
exploration were reviewed. There were 24 pa- 
tients in this category. Of this group, 13 pa- 
tients developed the syndrome. Their ages 
ranged from 20 months to 31 years. Five 
were children. 

The cardiae lesions and the operative pro- 
cedures are listed in table 1. Noteworthy is 
the fact that a valvotomy was performed in 
8 of the 13 patients who developed this com- 
plication. The valve was approached through 
the atrium (1 patient), ventricle (3 patients), 
and pulmonary artery (4 patients). In 1 
man a defect of the atrial septum was closed. 
Four patients had only pericardial explora- 
tion without correction of their cardiac lesion. 

All patients who developed the syndrome 
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TABLE 1.—Jncidence of Postpericardiotomy Syndrome 


in Surgery for Nonrheumatic Heart Disease 


No.of No. with 


Procedure . 3 
patients syndrome 


Diagnosis 
Pulmonary val- Valvular pulmonie 
votomy stenosis 
Pulmonary artery 

approach 

(Swan proce- 


dure 


Pulmonary val- Valvular pulmonic 


votomy stenosis 

Transventrieular 
approach 
(Brock proce- 
dure) 

Mitral valvotomy Congenital mitral 
and closure of stenosis and pat- 
ductus ent ductus arter 

iosus 

Closure of patent Patent ductus 
duetus arterio- arteriosus 

sus and peri- 

eardiotomy 


Closure of atrial Atrial septal 
septal defect defeet 
Thoracotomy and Aortie septal 
pericardiotomy defect 
Thoracotomy and Total anomalous 
pericardiotomy pulmonary ve. 
nous drainage 
Thoracotomy and Infundibular pul 


pericardiotomy monic stenosis 


Total 


had fever during the immediate postoperative 
period. In 3 patients there was a prolonged 
febrile course for 12 to 19 days. In 11 pa- 
tients, fever recurred 1 week to 1 month post- 
operatively and lasted 3 to 10 days. Two pa- 
tients were readmitted to the hospital because 
of the late development of this complication. 
The temperature during the late febrile re- 
action varied between 38.5 and 40 C. 
Subjective complaints during the time of 
this postoperative complication were difficult 
All the 


adults and 2 children complained of chest 


to evaluate in the young children. 


pain during their febrile episode. Frequently 
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the pain radiated posteriorly to the subscap- 
ular region and was often aggravated by 
breathing. Two patients described a feeling 
of substernal constriction and 2. patients 
complained of difficulty in swallowing. Ten 
had an associated nonproductive cough. Two 
adults complained of generalized muscle aches 
and pains, but there were no complaints of 
arthralgia nor were there objective signs of 
arthritis. 

A friction rub was noted in 6 patients dur- 
ing the febrile episode. Chest x-rays at this 
time demonstrated a temporary increase in 
cardiae size in all patients. In 7 there was 
a unilateral pleural effusion, and in 2 it was 
bilateral. Fluoroscopy in 4 patients revealed 
diminished cardiac pulsations and a cardiac 
contour suggestive of pericardial effusion. One 
such child with marked cardiac enlargement 
and electrocardiographic evidence of peri- 
carditis developed cardiac tamponade. Peri- 
cardial tap disclosed hemopericardium (fig. 


3) 


The white blood cell count was usually in 


the range of 10,000 per ml. but it varied be- 
tween 7,600 and 27,000. The erythrocyte sedi- 
mentation rate was elevated in those patients 
in whom the test was performed. Blood cul- 
tures were repeatedly negative. Six patients 
showed electrocardiographic changes in the 
S-T segments and T waves characteristic of 
pericarditis. One adult had 3 episodes of 
paroxysmal nodal tachycardia during the 
febrile illness. 

The pleural and pericardial effusions re- 
solved spontaneously. Diagnostic taps were 
performed in only 2 patients. Thoracentesis 
in 1 man revealed clear, straw-colored fluid 
that was sterile on culture. Pericardial tap 
on another patient demonstrated a serosan- 
cuineous effusion containing flecks of clotted 
blood. 

Antibiotic therapy did not seem to influence 
the development or subsidence of the syn- 
drome. All patients received penicillin and 
streptomycin during the immediate postoper- 
ative period. In 10, this therapy was con- 
tinued or reinstated during the delayed 
febrile reaction. A different antibiotic was 
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added at the time of the unexplained fever 
in 4 patients. Two patients received no anti- 
hiotie therapy. Hormone therapy was _ not 
used. 


The following cases illustrate the syndrome. 


Case MATERIAL 


Case 1. KE. R. (NYH 23 75 81) was a 27-year- 
old white married woman with congenital valvular 
pulmonie stenosis. Preoperative cardiae catheter- 
zation revealed right ventricular pressure of 
58/8 mm. Hg. An electroecardiogram showed 
marked right ventricular hypertrophy and 
“strain.” On June 15, 1956, under hypothermia 
if 30 C., the pericardium was opened and _ pul- 
monary valvotomy was performed through the 
pulmonary artery under direct vision. 

The patient was febrile during the first 4 post- 
operative days. For the next 2 weeks her temper- 
ature was normal but then she developed a fever 
of 38.2 C. and complained of generalized muscle 
aches and pains. The white cell count was 8,000 
per cu. mm. with 65 per cent polymorphonuclear 
cells and 13 per cent eosinophils. Sedimentation 
vate was 52 mm. per hour. Blood culture was 
negative. An electrocardiogram revealed a sinus 
tachyeardia of 125 per minute and new clianges in 
the T waves and S-T segments. Her fever subsided 
and she was discharged to her home 3 weeks after 
operation. 

Two days later, she was readmitted because of 
the development of substernal constriction with 
radiation to the back. The pain became increas- 
ingly more severe and was only temporarily re- 
lieved by meperidine hydrochloride. On admission 
her temperature was 38.5 C., pulse 80 per minute, 
respirations 26 per minute, and blood pressure 
104/66 mm. Hg. Dullness, diminished breath 
sounds, and a few moist rales were present over 
the base of the left lung posteriorly. No friction 
rub was noted. Heart tones were unaltered and 
1 pulmonary systolic murmur was present. Chest 
x-ray revealed an enlarged heart and_ pleural 
‘ffusion on the left side (fig. 1). An electro- 
ardiogram was essentially unchanged from that 
recorded 1 week earlier. The hemoglobin was 
11.5 Gm. and the white cell count 8,400 per mm.’ 
four blood cultures were negative. 

The patient was febrile for 4 days. Her tem- 
perature occasionally rose as high as 39.5 C. No 
intibiotie therapy was given and the symptoms 
ind signs subsided spontaneously. She was dis- 
‘harged with a diagnosis of “postvalvotomy 
syndrome.” There has been no recurrence. 

Case 2. P. T. (NYH 70 80 01) was an 18-year- 
id white male who was operated on for congenital 


valvular pulmonic stenosis, Preoperative cardiac 


¢ 


7-18-56 


Fic. 1. Top. Preoperative film in case 1. Middle. 
Chest x-ray 1 month following surgery shows in- 
crease in cardiothoracie ratio and left pleural effusion. 
Bottom. Five weeks postoperatively there is decrease 


in heart size and residual pleural effusion. 





. 
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Fic. 2. Top. Preoperative chest x-ray in case 2. 
Middle. One month after surgery there is marked in- 


crease in transverse cardiac diameter and pleura 


effusion on the left. Bottom. Resolution of pleuro- 


pericardial effusion 3 months postoperatively. 


ITO, ENGLE, AND GOLDBER( 


-atheterization revealed a right ventricular pres 
sure of 153/13 mm. Hg. On June 17, 1955, : 
pulmonary valvotomy was performed via a trans- 
ventricular route at normal body temperature. 

The patient was febrile during the first weel 
postoperatively. On the tenth postoperative day 
he complained of a severe, crushing, substerna 
pain, which was accentuated by deep breathing 
Electrocardiogram revealed S-T elevation in lead: 
I and II, consistent with pericarditis. Chest x-ra) 
revealed an increase in heart size and hazy density 
over the lower left lung. He remained afebrilk 
during this period and the pain subsided spon 
taneously after 3 days. He was discharged on th 
twenty-fourth postoperative day with a diagnosis 
of postoperative pericarditis. 

Three days following discharge, he was read 
mitted with a fever of 39.5 C. and chest pain ot 
30 hours’ duration. The pain was substernal and 
was characterized as a dull, aching feeling of 
constriction that radiated to the back and right 
shoulder. A pericardial friction rub was present 
and there were dullness and rales at the base of 
the left lung. Chest x-ray again showed an en- 
larged heart and left pleural effusion (fig. 2). 
Changes consistent with pericarditis were still 
present in the electrocardiogram. The white blood 
cell count was 10,800, with 54 per cent polymor 
phonuclear cells. Three blood cultures were sterile. 
Thoracentesis yielded 200 ml. of clear, straw- 
colored fluid. 

He was given penicillin and streptomycin and 
when he failed to improve, erythromycin was 
added. He was febrile for 10 days. Antibiotics 
were then discontinued and the patient was dis- 
charged. There has been no recurrence of 
symptoms. 

Case 3. T. T. (NYH 73 86 66) was a 61-year 
old white boy who was explored for a_ possible 
patent ductus arteriosus. Preoperative cardiac 
‘atheterization revealed a significant left-to-right 
shunt into the pulmonary artery. Some increase 
in pulmonary vascular resistance and moderate 
elevation of pulmonary artery pressure were noted. 
On July 13, 1956, an exploratory thoracotomy 
was performed. A ductus was not present. There- 
fore the pericardium was incised widely and the 
base of the heart explored. The findings were 
characteristic of an aortic-septal defect. No 
further surgical procedures were attempted. 

The child had a stormy postoperative course. 
A high, spiking fever up to 40 C. persisted for 
19 days, despite intensive antibiotic therapy. Re- 
peated blood cultures were negative. The white 
cell count rose as high as 27,000. He developed 
signs of pericardial effusion and of cardiac tam- 
ponade with increasing heart size, friction rub, 
marked damping of heart sounds, and an enlarg- 
ing, tender liver. Temporary improvement fol- 
lowed digitalization. Dullness, diminished breath 
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uunds, and rales were present at the left base. 
hest x-ray showed marked ecardiae enlargement 
nd left pleural effusion (fig. 3). Serial electro- 
irdiograms revealed changes in the S-T segments 
nd T waves, and decreased amplitude of the QRS 
miplexes consistent with pericarditis with effu- 
on. Diagnostic pericardiocentesis on the thir- 
enth postoperative day yielded serosanguineous 
uid containing clotted blood. 

The patient gradually improved and was no 
mger febrile after the third week. He has re- 
urned to his preoperative level of activity and 
as experienced no recurrence of symptoms. 


Discussion 

Thirteen patients with congenital heart dis- 
ase have developed this syndrome following 
ardiae surgery which involved opening the 
vericardium. The cardiae lesions included 
‘alvular and subvalvular pulmonic stenosis, 
iirial septal defect, total anomalous pulmo- 
lary venous drainage, congenital mitral 
stenosis, and aortic septal defect. One of the 
authors has observed such a reaction in pa- 
tients with tetralogy of Fallot when the 
pericardium was entered to locate a. small 
pulmonary artery. 

Milstein and Brock'® have described a simi- 
lar syndrome during the second and third 
weeks following pulmonary valvotomy for 
congenital pulmonary stenosis. They did not 
comment on its similarity to the ‘‘postcom- 
missurotomy syndrome’’ but remarked that 
it appeared to be due to a noninfective peri- 
carditis. Bedford and associates!’ and Likoff 
(whose personal communication was reported 
by Elster et al. and Papp and Zion®) noted 
a similar complication following closure of 
atrial septal defects. Cooley’® has encoun- 
tered this reaction in patients with ventricu- 
lar septal defects whose pericardium was 
opened to permit closure of the defect. 
Larson!® reported a similar complication fol- 
lowing chest surgery on nonrheumatic pa- 
tients. However, a review of available litera- 
ture failed to disclose documented reports of 
the syndrome following surgery for congenital 
heart disease. 

We prefer to designate the delayed post- 
operative occurrence of fever and chest pain, 
often associated with evidence of pericardial 
or pleural involvement, as the postpericar- 


Fic. 3. Top. Preoperative film in case 3. Note 


evidenee of left atrial and left ventricular enlarge- 
ment and pulmonary vaseular engorgement. Middle. 
Striking increase in eardiae silhouette is present 9 
days after operation. Left base is obscured. Bottom, 
Note improvement sinee previous film, 34% weeks fol- 


lowing surgery. Later return to preoperative picture. 
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diotomy syndrome rather than the frequently 
used term ‘‘postecommissurotomy syndrome. ’’ 

Valvotomy, cardiotomy, and incident injury 
to cardiac muscle as responsible factors in 
the syndrome seem to be excluded, since the 
complication appeared in 4 patients with ex- 
ploratory pericardiotomy in whom no further 
surgical procedures were attempted, and it 
followed valvotomy on the pulmonary valve 
by both the transventricular and the pulmo- 
nary artery approaches, 

In the patients with both rheumatic and 
nonrheumatic heart disease in whom this 
complication has developed, pericardial inci- 
sion was performed. The postoperative syn- 
drome then occurred with like frequency, 
whether or not the additional surgical proce- 
dures involved entering the left atrium for 
mitral valvoplasty, the right atrium for atrial 
septal defect closure, the right ventricle for 
transventricular pulmonary valvotomy or clo- 
sure of ventricular septal defects, the pulmo- 
nary artery for pulmonary valvotomy, or 
intrapericardial exploration alone for an 
inoperable lesion. 

It is of interest that 5 patients with surgery 
for pericardial cysts did not develop. this 
complication. In each instance, the cyst com- 
municated with the pericardial cavity through 
a narrow base which was clamped and cut at 
the time of operation. The pericardial cavity 
was not entered and the possibility of intra- 
pericardial bleeding was minimal. 

Although other factors may be important 
in the development of this postoperative com- 
plication, it would appear that the svndrome 
represents a traumatic pericarditis, possibly 
associated with oozing of blood into the 
pericardial cavity. Trauma to the pericardium 
as an etiologic factor has also been suggested 


8 


by Elster and associates.’ Dressler*® noted the 


striking similarity between acute benign peri- 


carditis and the postpericardiotomy syndrome. 
The clinical triad of pericarditis, pleuritis, 
and pneumonitis are characteristic of both 
groups, as are the frequent relapses and the 
subsequent benign course. Nevertheless, it 
was his impression that the ‘‘posteommis- 


surotomy syndrome’’ represented a reactiva- 
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tion of rheumatic fever, since it was a com- 
plication that had not yet been reported 
following surgery in congenital heart disease. 

Soloff and Zatuchnic!® observed moderate 
to massive cardiac enlargement following 
mitral commissurotomy in 44 patients. They 
believed this represented a reactivation of 
rheumatie fever in most instances. However, 
the possibility that their patients also suffered 
from a traumatic pericarditis is suggested 
by the fact that in the 2 patients in whom 
pericardiocentesis was performed, serosan- 


guineous fluid was found. Janton and eo- 


workers!” reported 7 patients who required 
pericardial taps following mitral valve sur- 
gery. In each instance serosanguineous fluid, 
which often contained clotted blood, was 
obtained. 

All our patients recovered without demon- 
strable sequelae during 1 to 9 years of post- 
operative observation. However, if extensive 
bleeding has occurred into the pericardial 
cavity, it is possible that some patients may 
develop constrictive pericarditis. Lazlo*° de- 
seribed a patient on anticoagulant therapy 
who developed a hemopericardium and ear- 
diac tamponade. Eight months later, an 
operation was necessitated because of con- 
strictive pericarditis. Similar complications 
have been reported as a late development 
following nonpenetrating injuries to the chest 
and have been attributed to a_ traumatic 
hemopericardium associated with the chest 
injJury.*°?* For example, Ada and associates?! 
performed a pericardial resection in a patient 
who was found to have old blood in the peri- 
cardium and who had sustained 2 nonpene- 
trating chest injuries, 2 years and again 3 
months before the operation. 

It has been suggested that fibrinolytic 
enzymes be used in patients with hemoperi- 
cardium to prevent subsequent development 
of constrictive pericarditis.2° Such therapy 
may be of value in patients whose pericardium 
is opened and traumatized during surgery. 


SUMMARY 
A syndrome indistinguishable from the 


‘‘postcommissurotomy syndrome’’ has been 
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ibserved among patients with congenital mal- 
‘ormations of the heart who survived intra- 
vericardial surgery. It appeared as frequently 

13 of 24 pericardiotomies) as has been 
‘eported in rheumatic patients who recovered 
‘rom mitral valve surgery (10 to 40 per cent). 
he syndrome developed following transven- 
ricular and transarterial valvoplasty for 
pulmonary stenosis, closure of septal defects, 
und exploration of the pericardium for 
noperable congenital cardiac lesions. <Al- 
though other factors may be important in the 
pathogenesis of this condition, the feature 
‘ommon to these operations in the nonrheu- 
matie as well as rheumatic patients was wide 
incision of the pericardium. This postopera- 
tive complication was not noted after other 
yperations for congenital heart disease where- 
in the pericardium was not disturbed, nor 
was it found in patients where a small seg- 
ment of pericardium was clamped to permit 
the removal of a pericardial cyst. 

Since the condition appeared after peri- 
cardial incision, with or without cardiotomy 
or valvotomy, the term ‘‘postpericardiotomy 
syndrome’’ is suggested as more universally 
applicable for this postoperative complication. 

The syndrome is interpreted as a traumatic 
pericarditis, possibly a reaction to blood in 
the pericardial sae. The occurrence of this 
postoperative manifestation in nonrheumatic 
subjects is a compelling argument against the 
concept that the syndrome in patients with 
mitral valvotomy usually represents reactiva- 
tion of rheumatie fever. 
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SUMMARIO IN INTERLINGUA 
Un syndrome, que es indistinguibile ab le 


syndrome posteommissurotomic, esseva  ob- 


servate in patientes con congenite malforma- 


tiones del corde qui superviveva a operationes 
intrapericardial. Illo appareva tanto fre- 
quentemente (in 13 ex 24 pericardiotomias) 
como, secundo le reportos, in patientes rheu- 


ao 
matic qui se restabliva ab operationes del 
valvula mitral (10 a 40 pro cento). Le syn- 
drome se disveloppava post  valvoplastia 
transventricular e transarterial pro stenosis 
pulmonar, post clausion de defectos septal, e 
post exploration del pericardio in casos de 
inoperabile congenite lesiones cardiac. Ben 
que altere factores es possibilemente impor- 
tante in le pathogenese de iste condition, le 
aspecto commun de iste operationes in le 
patientes tanto nonrheumatic como etiam 
rheumatic esseva un large incision del peri- 
cardio. Iste complication postoperatori non 
esseva notate post operationes pro congenite 
morbo cardiac in le quales le pericardio non 
esseva disturbate ; similemente illo non esseva 
trovate in patientes in qui un micre segmento 
del pericardio esseva crampate pro permitter 
le excision de un cyste pericardial. 

Proque le condition appareva post incision 
pericardial, con e sin cardiotomia o valvot- 
omia, le termino ‘‘syndrome  postpericar- 
diotomic’’ es proponite como plus universal- 
mente applicabile a iste complication post- 
operatori. 

Le syndrome es interpretate como un peri- 
carditis traumatic, possibilemente un reaction 
al presentia de sanguine in Je sacco pericar- 
dial. Le oceurrentia de iste manifestation 
postoperatori in subjectos non-rheumatic es 
un argumento convineente contra le notion 
que le syndrome in patientes con valvotomia 
mitral representa usualmente un reactivation 
de febre rheumatic. 
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Unilateral Pulmonary Artery Absence or Hypoplasia 


Radiographic and Cardiopulmonary Studies in Five Patients 


By Joun C. Exper, M.D., BerNarp L. Brorman, M.D., Paut M. Konn, M.D., 
AND BerNnarp L. Cuarms, M.D. 


With the technical assistance of Joan Lawrence, R.N., B.S., and Autie Belle Godfrey 


The clinical entity of unilateral pulmonary artery absence or hypoplasia can be readily 
diagnosed on the basis of routine clinical evaluation. This report is based upon 5 
patients in whom the diagnosis was suspected and eventually confirmed with the aid of 
special studies. Characteristic hemodynamic findings were demonstrated by means of 
cardiae catheterization and contrast visualization of the cardiopulmonary system. 


INCE this clinical entity was first diag- 

nosed with the aid of angiocardiography 
by Madoff and co-workers in 1952,’ case re- 
ports of unilateral absence or hypoplasia of 
a main branch of the pulmonary artery have 
appeared with increasing frequency.  Pre- 
sumptive diagnosis is now possible merely on 
the basis of routine roentgenograms of the 
chest. Typical findings have been reviewed 
and summarized by Wyman.” 


A review of case reports shows that the 


diagnosis has been made angiocardiographi- 
cally in at least 13 instances. Physiologic 
studies have been reported in few, cardiac 
catheterization in 6, and pulmonary function 
studies in 6.!-° The condition has been en- 
countered most frequently in association with, 
or as an anatomic variant of, other serious 
intracardiae anomalies.“! 

Unilateral absence or hypoplasia of a pul- 
monary artery is of particular interest to us 
because it is a naturally occurring chronic 
equivalent of the acute studies that have been 
carried out in this laboratory in _ recent 
vears.'1 We have found that temporary 
ocelusion of 1 main branch of the pulmonary 
artery by means of a balloon-tipped cardiac 
catheter has been a most useful tool in the 
evaluation of cardiopulmonary hemodynamics. 


From the Eva and Irving Hexter Laboratory for 
Cardiopulmonary Research, Mount Sinai Hospital, 
Cleveland, Ohio. 

Aided by Grants from the Cleveland Area Heart 
Society. 


The clinical condition under consideration 
presents chronie occlusion of a pulmonary 
artery so that most or all of the cardiae output 
perfuses a single lung while the unoecluded 
lung, though ventilated, has no gas exchange. 

In general, the clinical findings in previous- 
ly reported cases, in which there were no 
other serious intracardiac defects, have been 
asymmetry of the thorax resulting from either 
hypoplasia of the affected side or compensa- 
tory emphysema of the unaffected side, 
decreased breath sounds on the affected side, 
hyperresonance on the unaffected side, ill- 
defined cardiac murmurs, usually systolic, 
and heard best over the pulmonic region or 
over the apex. The presenting symptoms have 
been cough, shortness of breath, hemoptysis, 
Roent- 
genograms of the chest have confirmed the 
physical findings and have added the most 
important diagnostic sign: a discrepancy be- 
tween the vascular markings of the 2 lung 
fields.” 

Those patients in whom hemodynamic 
studies have been performed have shown 
normal pulmonary artery pressures at’ rest 
and a slightly exaggerated rise in pulmonary 
artery pressure on exercise. The ventilatory 
studies have shown changes consistent with 


and recurrent pulmonary infection. 


increased dead space or residual volume. 
Oxygen uptake on the side of the absent artery 
has been negligible. The cases herein re- 
ported have followed the same general pattern 
with certain important differences, as demon- 
strated by refinements in technic. 
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Hemodynamic Data in Patients with Unilateral Absence or Hypoplasia of the Pulmonary Artery 
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‘ | Arterial 
| Pulmonary Main | oO? Mixed Cardiac 
| “wedge” pulmonary | Right (vol. %) venous output 
pressure artery ventricle and “% satu- © (L./min.) 
| 


uration (vol. %) 


Control 32/18 (22) 32/8 (18) 15.6 (89) 11.3 5.6 
Exercise 45/25 (36) | 
naew — |—_——_—___ — _ —— = eatin aegenausancmeeeias 
Case 2 
Control | 10-5 44/15 (20)* | 46/10 (17) 16.1 (93) 11.4 6.4 
Partial occlusion of right | 110/15 14.8 
| 


23/8 (16) 28/6 (12) 17.8 (95) 14.3 6.6 


16.2 (87) 5.1 


Control 12-5 28/14 (18) 28/4 14.8 (90) 12.2 5,1 
Partial occlusion of left | 50/16 5.0 


32/20 













































































































































































































* In the right pulmonary artery—28/12 (16). 
Pressures in mm. Hg. 


MATERIALS AND METHODS 


Cardiae catheterization was carried out in the 
usual manner via an antecubital vein. In those 
eases in which pulmonary artery occlusion was 
performed, a special triple-lumen catheter was 
employed." This catheter allows measurement of 
pressures and the procurement of blood samples 
proximal and distal to the occluding balloon 
simultaneously. The catheter was passed under 
fluoroscopic guidance, and the balloon was inflated 
with contrast material in the desired pulmonary 
artery segment. Pressures were measured by a 
Sanborn electromanometer or Statham strain gage 
and were recorded by a 4-channel direct writer 
(Sanborn Polyviso). Generally, the oxygen econ- 
tent of blood samples was determined by the 
method’ of Van Slyke. Routine pulmonary fune- 
tion studies were carried out in the usual manner. 
Oxygen consumption was determined by means 
of a Pauling oxygen analyzer with the patient 
breathing room air. Most angiocardiograms were 
performed by the method of Brofman” of intra- 
atrial instantaneous release of contrast material 
from a balloon. X-ray exposures were made at 
%-second intervals with a Fairchild — roll-film 
camera, 

Whenever possible, the studies included cardiac 
catheterization, pulmonary function studies, bron- 
chography, bronchoscopy, and cardioangiography. 
Results are summarized in tables 1 and 2. 











Report OF CASES 


Case 1. This 43-year-old white woman was ex- 
amined on August 24, 1954, for consideration of 
mitral commissurotomy. She had chorea as a 
child, and a heart murmur was heard at that time. 
For 2 years prior to the present study she had 
increasing shortness of breath, particularly at 
night, with temporary improvement after digital- 
ization. Cough productive of moderate amounts 
of yellowish-white sputum occasionally streaked 
with blood also developed. 

On examination the patient showed no acute 
distress or clubbing. The left hemithorax showed 
a slight lag on inspiration and was less resonant 
than the right, and the breath sounds at the left 
base were diminished. The pulmonic second sound 
was accentuated. <A soft systolic murmur was 
heard best in the third and fourth left interspaces. 
The electrocardiogram was normal. 

The findings of cardiae catheterization precluded 
a diagnosis of dynamieally 
stenosis (table 1). 


significant mitral 
Cardiac fluoroscopy revealed 
reduced pulmonary vascular markings on the left, 
suggesting unilateral hypoplasia of the left pul- 
monary artery (fig. 1). 

On bronchoscopy the carina appeared pulled 
to the left. The right tracheobronchial tree was 
normal. The left main-stem bronchus was reduced 
in size and contained tenacious secretions. Bron- 
chiectasis was demonstrated in the left lung by 
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TABLE 2.—Pulmonary Function Studies 


Case 1 Case 2 Case 3 


italeapacity (L.) 


2.3(78%)|2.9(69%)|3.3(76% 


imed vital 

capacity 1 sec. (%) 
‘imed vital 

capacity total (sec.) 
Valking ventilation 

(L. /min./M.?) a 9.4 
\linute ventilation (L.) 8 9.6 


\laximum breathing 16 125 
capacity (L.) (119%) 


Walking index 13 

Bronchospirometry 0? 
consumption right (%) 

Bronchospirometry 0? 
consumption left (%) 


Vital capacity right (%) 


Vital capacity left (%) 


Minute ventilation 
right (%) 

Minute ventilation 
left (%) 














bronechography. Pulmonary function _ studies 
showed negligible oxygen uptake from the left 
lung.* The inerease in basal minute volume, 
walking ventilation, and walking index (ie., 
W.V./M.B.C.) were consistent with inereased 
dead space. 

The angiocardiogram confirmed the diagnosis 
of hypoplasia of the left pulmonary artery. Since 
the lung was the seat of extensive suppurative 
disease and contributed little to oxygen uptake, a 
left pneumonectomy was performed. 

Examination of the surgical specimen showed 
diffuse chronie bronchiectasis. The left pulmonary 
artery was diminutive. It measured 4 mm. in 
diameter at its origin and could be traced only a 
few centimeters peripherally. Two large bronchial 


“We wish to acknowledge the aid of Martha Bender, 


M.D., in earrying out these studies at The Cleveland 
City Hospital. 


Fig. 1. Case 1. Top. Posteroanterior chest roent- 
genogram (heavy exposure). The esophagus and 
heart are displaced to the left. The right hemi- 
thorax has a greater volume than the left. There 
is slight elevation of the right diaphragm. Bottom. 
Angiocardiogram, 4 seconds after injection of con- 
trast material, shows a large main and right pulmo- 
nary artery with only a rudimentary artery on the 


left. 


vessels were present and were adherent to the 
main-stem bronchus. 

Since operation the patient has experienced 
marked clinical improvement. Cough and exer- 
tional dyspnea have diminished and hemoptysis 
has not recurred. 

Case 2. A 25-year-old Negro had been well all 




























































































































































































































































































Fic. 2. Case 2. Top. Posteroanterior roentgenogram 
of the chest. The trachea and heart are in the mid- 
line. The thorax is symmetrical. The heart is some- 
what enlarged to the left and enlargement of the main 
pulmonary artery is present. The vascular markings 
on the left are diminished. The abscess lies behind 
the eardiae shadow, but was well demonstrated in the 
left anterior oblique view. Bottom. Angiocardiogram, 
3 seconds after release of contrast material, shows 
main pulmonary artery, right pulmonary artery and 
no visualization on the left. 


his life with the exception of an episode of aching 
joints lasting a few weeks, 5 years previously. 
He had been rejected for military service but did 
not know the reason. Three months before hos- 
pitalization he noted malaise, night sweats, small 
amounts of blood-streaked sputum, and shortness 
of breath on exertion. Two days before admission 
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he developed chills, fever, and frank hemoptysis 

The patient appeared acutely ill. There wa; 
no clubbing of the fingers. The chest was clear 
to percussion and auscultation and showed 1 
asymmetry. The peripheral pulses were bounding 
in character. The blood pressure was 120/60/2( 
mm. Hg. The left apex beat was visible at th 
left anterior axillary line. A diastolic thrill was 
palpable in the second and third left interspaces 
Systolic and diastolic murmurs were heard ove 
the base of the heart in the midline. The aortic 
second sound was diminished and the pulmonic 
second sound was accentuated. The electrocardio- 
gram showed early left ventricular hypertrophy. 
Roentgenograms of the chest disclosed an abscess 
of the left lower lobe. Sputum cultures grew 
mixed staphylococci, streptococci, and pneumo- 
cocel. 

Cardiac catheterization was done because of 
suspected patent ductus arteriosus and subacute 
bacterial endocarditis; however, no intracardiac 
shunt was demonstrated. 

The cardiac index was high and there was a 
large arteriovenous difference (table 1). As part 
of the hemodynamic study, the right middle and 
lower lobes were occluded." The patient rapidly 
developed marked respiratory distress necessitat- 
ing deflation. During the brief period of ocelu- 
sion there was a marked, sustained rise in pul- 
monary artery pressure (table 1). Such a 
dramatic response to occlusion of a braneh of 
the pulmonary artery had not been previously 
observed and was subsequently explained when 
absence of the left pulmonary artery was demon- 
strated by intracardiac angiocardiography (fig. 2). 

Review of the roentgenograms disclosed reduced 
vascular markings on the left; however, the other 
common findings were not demonstrated. Bron- 
chography revealed a normal tracheobronchial 
tree. Routine pulmonary ventilatory studies were 
completely normal except for a slight reduction 
in vital capacity. Blood rO., rCO., and O, satura- 
tion were normal. 

The hemodynamic studies in this ¢ase shown in 
table 1 are of particular interest. It has been 
shown by Liebow and his co-workers” that 
large communications can develop between the 
pulmonary and bronchial arteries. The presence 
of such communications could well explain the 
collapsing peripheral pulse observed in view of 
the low resistance of the pulmonary vascular bed. 
It was also noted that as the catheter passed 
peripherally in the right pulmonary artery, there 
was a fall from the elevated main pulmonary 
artery pressure. This gradual fall appears to be 
produced by the increased flow through relatively 
nonexpansile pulmonary arteries. Thus the larger 
vessels rather than the arterioles become the de- 
terminants of pressure-flow relationships. The 
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iation might be considered a physiologic co- 

tation. Several such large communications 

ld simulate a patent ductus arteriosus. How- 

yr, it is also possible that the collapsing 

‘ipheral pulse might be related to some degree 

actual aortic insufficiency on the basis of con- 

\ital or rheumatic aortic valve disease. This 

tient is now doing well with the exception of 

itinued cough productive of blood-streaked 
itum. 

‘ase 3. A 26-year-old white man first noted 

iing in his left chest following vigorous exercise 

June 1955. X-rays revealed emphysema of the 

t lung. There were no other symptoms, but 

' patient was hospitalized for study. 

On physical examination there was flattening 

teroposteriorly and a definite lag of the left 

mithorax on both inspiration and expiration. 

1e percussion note was normal bilaterally. Loud 
inspiratory and expiratory rhonechi were heard 

teriorly in the second to fourth interspaces. 

ie heart showed no abnormality; the blood pres- 
sure was 146/96 mm. Hg. 

Routine laboratory studies were normal. On 2 
occasions bronchoscopy showed marked narrowing 
at the left main-stem bronchus just below the 
cirina. This was seen to function as a check 
valve with the lumen patent on inspiration but 
collapsed on expiration. Bronchograms demon- 
strated moderate bronchiectasis of the lingula and 
the left lower lobe. The angioeardiogram con- 
firmed the presence of hypoplasia of the left 
pulmonary artery, which had been suspected from 
the posteroanterior roentgenograms of the chest 
(fig. 3). 

Pulmonary function studies revealed marked 
diminution of ventilation and oxygen consumption 
of the left lung (table 1). Cardiac catheteriza- 
on (table 2) showed a normal resting pulmonary 
irtery pressure. Occlusion of the right middle 

id lower lobe branches of the pulmonary artery 
roduced a marked rise in pulmonary artery pres- 
ire and a fall in arterial oxygen saturation. The 

rdiac output decreased, but the procedure was 

‘ll tolerated by the patient. During this maneu- 

r the only normal lung being perfused was the 
ight upper lobe. Despite the hypoplastic left 

umonary artery, the increase in pressure may 

ive increased perfusion to the left lung as well. 
he fall in arterial oxygen content could indicate 
at either the maximum diffusing capacity of the 
ght upper lobe had been exceeded by the exces- 
ve blood flow, or, more probably, the increased 

‘fusion of the diseased left lung caused inade- 

late oxygenation and produced venous admixture. 

The patient is at present being treated con- 
‘rvatively and his condition is satisfactory except 
ra slight productive cough. 

Case 4, The patient, a 39-year-old white wonian, 


Fic. 3. Case 3. Top. Posteroanterior chest roent- 
genogram. Normal right hemithorax. The broncho- 
vascular markings are diminished on the left. The 
pulmonary conus is prominent and the heart is shifted 
toward the left. Bottom. Intraeardiae angiocardiogram 
showing a large main and right pulmonary artery 
with a very small branch on the left. 


had had a chronic cough and frequent severe chest 
colds for many years. In 1953 she consulted a 
physician but no definite diagnosis was made. 
Approximately 6 months prior to admission to 
the hospital, the cough became productive of 
blood-streaked sputum. Two days before admis- 
sion frank hemoptysis began and continued until 
hospitalization. 

On physical examination the left hemithorax 
was slightly larger and more resonant than the 
right. The heart was not enlarged, and no mur- 































































































































































Fic. 4+. Case 4. Top. Posteroanterior chest roentgeno- 
gram. The trachea and heart are shifted to the right 
and the right leaf of the diaphragm is elevated. The 
right hemithorax is smaller than the left. The heart is 
not enlarged. The left pulmonary artery is well seen, 





























but there are few bronchovascular markings on the 








right. Bottom. Angiocardiogram. The enlarged main 








and left pulmonary artery are well seen. The origin 








of the right pulmonary artery is represented by a 
small blind pouch. There is no visualization of the 
pulmonary artery distal to this point. 


























murs were audible. There was a split pulmonic 








first sound. The physical findings were otherwise 











not remarkable. An eleectrocardiogram was normal. 
Roentgen examination showed the trachea and 
the heart to be shifted slightly to the right. A 
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marked discrepancy between the vascular mar] 
ings of the 2 lung fields was observed, suggestin 
the absence of the right pulmonary artery. Con 
parison with films taken in 1947 showed no chang 

During cardiae catheterization (tables 1 and 2 
a secondary branch of the left pulmonary arter 
was occluded. The pressure proximal to th 
balloon rose markedly considering the small siz 
of the vessel occluded. There was no change i 
peripheral arterial oxygen content. Angiocardic 
graphy (fig. 4) confirmed the diagnosis. U1 
fortunately, pulmonary function studies were n¢ 
obtainable. The subsequent course has been thu 
far uneventful. 

Case 5, A 66-year-old white woman had ha 
frequent colds and chronic cough for many years 
There had been moderate shortness of breath 01 
exertion for 2 years. Ten days before hospitaliza 
tion a moderate hemoptysis occurred. 

On physical examination the left hemithora: 
showed decreased breath sounds, vocal fremitus 
and resonance. The heart was not enlarged an 
no murmurs were heard. The remainder of th 
physical examination was not remarkable. 

Posteroanterior roentgenograms of the chest 
(fig. 5), showed a discrepancy between the vascula) 
markings on the 2 sides. On fluoroscopy, th 
right pulmonary artery was seen to pulsat 
markedly but pulsations were not seen on the 
left side. Laminography revealed a large right 
pulmonary artery but none on the left. The 
electrocardiogram was normal. The patient re- 
fused further study and was discharged with the 
diagnosis of hypoplasia or absence of the left 
pulmonary artery. 


DISCUSSION 

Right Ventricular Work Load. These eases 
demonstrate that 1 pulmonary artery can be 
entirely absent or markedly reduced in size 
without imposing a tremendous increase in 
the work load of the right ventricle. None of 
the patients had electrocardiographice evidence 
of right ventricular hypertrophy, even the 
one who was 66 years old. In 3 of 4 cases 
cardiae catheterization showed normal resting 
pulmonary artery pressures. Since essentially 
the entire output of the right ventricle was 
perfusing 1 lung, however, the ability of the 
vascular bed of this lung to accommodate a 
further increase in blood flow was diminished. 
When a portion of existing pulmonary vascu- 
lar bed was removed from the circulation by 
occlusion with a bailoon, pulmonary artery 
pressure proximal to the occlusion increased 
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y arkedly. This change is in contrast to 
) ormal patients who show only a slight rise. 
(ne might further expect that such individ- 
ius would have exaggerated rise in pulmo- 
iry artery pressure on exercise, since the 
{inetioning lung is already approaching its 
| mit of expansibility. This was found in ease 
At rest there appears to be little added 
|urden to the right ventricle but on exertion, 
ith increased cardiae output, the restricted 
ulmonary vascular bed approaches the limits 
«f expansibility. The increased flow with 
elatively fixed resistance results in an in- 
creased right ventricular work load. 

Left ventricular work load. Liebow and his 
-o-workers demonstrated that following liga- 
tion of 1 pulmonary artery communications 
develop between the pulmonary artery and 
ihe bronchial arteries at the precapillary level. 
in effect, they produced an A-V fistula from 
the aorta to the pulmonary bed. Under such 
circumstances the output of the left ventricle 
may exceed that of the right by as much as 
one third with a resulting increased work of 
the left ventricle. Loring and Liebow,'® how- 
ever, were unable to demonstrate any signifi- 
cant cardiac hypertrophy following ligation 
of a pulmonary artery. Similarly, we found 
no evidence of left ventricular hypertrophy 
in 4 of the 5 cases presented here. The fifth 
vase had electrocardiographic and roentgeno- 
vraphie evidence of left ventricular hyper- 
trophy but this may have been due to an 
aortic valvular lesion. It seems doubtful that 
such shunting of blood could contribute 
significantly to left ventricular failure in the 
absence of intrinsic heart disease. 

Bronchial Arteries. Previous reports have 
mentioned the bronchial 
These ap- 
peared at approximately the same time as 
opacification of the aorta. Careful review of 
our angiocardiograms revealed a_ structure 
presumed to be an opacified bronchial artery 
in ease 2. A surgical specimen was available 
only in ease 1, and large bronchial vessels 
were present in this lung, but could not be 
identified in the angiocardiogram. 

It is known that animals and man can 


appearance of 
arteries in the angiocardiogram. 


Fig. 5. Case 5. Top. Posteroanterior chest roent- 
genogram. The heart and trachea are displaced to 
the left. The heart is not grossly enlarged. The 
right pulmonary artery is prominent but the left 
cannot be demonstrated. The right hemithorax is 
somewhat larger than the left. Bottom. Laminagram. 
The right pulmonary artery is large and easily dem- 
onstrated. There is no evidence of a left pulmonary 
artery. 


tolerate complete ligation of the pulmonary 
arterial supply with little pathologic change 
providing the bronchial arteries are intact, 
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Nutrition is maintained through these bron- 
chial arteries,’* 1*!® but, the bronchial artery 
blood participates in oxygen exchange to a 
relatively insignificant degree. Bronchial ar- 
tery blood being well oxygenated can exchange 
only small amounts of oxygen because of the 
small partial pressure gradient. By contrast, 
in certain types of congenital heart disease 
bronchial artery blood flow may be very large 
In our cases and in others 
reported, oxygen uptake has been markedly 
diminished or absent on the involved side. 
Bronchial arterial blood circulation may be 


and important. 


responsible for at least part of the oxygen 
uptake demonstrated.?* 

Pulmonary Function Studies. The pulmo- 
nary function studies performed in 3 cases 
are of interest particularly when correlated 
with the roentgenographic studies of the 
bronchial tree. Case 2 showed no bronchiec- 
tasis by x-ray, had good function as mani- 
fested by a short lung-emptying time and 
an excellent maximum breathing capacity, 
despite a reduction in vital capacity. The 
other 2 cases, both with bronchiectasis, showed 
definitive evidence of obstructive lung disease, 
on the basis of both bronchiectasis and bron- 
chostenosis in case 3 and bronchiectasis in 
case 1. Emphysematous changes on the un- 
involved side may also be a contributing 
factor. 

While very little or no oxygen consumption 
occurs with curtailment of pulmonary arterial 
flow, the elevated resting minute ventilation 
as well as the exaggerated response to mild 
exercise (walking ventilation) emphasize that 
the lung continues to ventilate to some degree. 
With exertion this useless ventilation may 
become considerable, accounting to some ex- 
tent for the symptom of dyspnea on effort. 
The observed uniform decrease in vital capa- 
city can be ascribed to either a smaller hemi- 
thorax or inflammatory disease of the lung. 

Case 1 is the only one that shows significant 
diminution in peripheral oxygen saturation. 
It seems likely that this is the result of uneven 
relationships of perfusion and ventilation in 
the bronchiectatic lung with an extremely 


small pulmonary artery. The high minute 
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ventilation and walking ventilation observel 
in this patient were in response to the arteri:] 
hypoxia as well as the useless ventilation. 
Clinical Entity. One important question 15 
whether or not this can be an acquired cond - 
tion. Thrombotic occlusion can be ruled ow, 
since our cases do not present the clinica 
characteristics of those described in the liter: 
ture"? The more likely 
‘*physiologic amputation’’ 


possibility o 
of a pulmonar 
artery in cases 1 and 3, as demonstrated by 
Liebow in bronchiectasis, must be con 
sidered.'!° We were not able to determin 
whether or not an ‘‘atrophy of disuse’’ hac 
occurred in the 1 case in which the anatomi 
specimen was obtained. It seems equally 
logical to assume that these patients represent 
cases of a congenital defect in the arterial 
supply of the lung with superimposed inflam- 
matory disease. The presence of a normal 
tracheobronchial tree in cases 2 and 4 further 
strengthens the contention that this is basical- 
lv a congenital defect. 

Characteristic physical findings, history, 
and roentgenographie findings have been well 
set forth elsewhere.’° We would like to 
emphasize that unilateral absence or hypo- 
plasia of a pulmonary artery may occur as 
an isolated and symptomatic defect. Hemopty- 
sis occurred in all of our cases at some time 
during the history. Although this may be 
associated with inflammatory disease of the 
lung, large bronchial arterial communications 
may still be implicated. The cardiovascular 
system appears to adjust well to the altered 
hemodynamies. 

Unilateral absence or hypoplasia of a pul- 
monary artery is reported as occurring most 
frequently on the right side.2! However, in 
4 of our 5 cases the left lung was involved. 
The difference in incidence on the 2 sides may 
be more apparent than real in view of the 
small number of cases reported up to this 
time. 

Treatment. Therapeutic considerations are 
concerned primarily with inflammatory dis- 
ease of the lung and pulmonary hemorrhage. 
Since one lung is maintaining gas exchange, 


it must be protected against injury. Resec- 
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on of the nonperfused lung can be carried 
ut without impairment of respiratory fune- 
on and surgery is indicated when hemoptysis 
ud recurrent infections become — serious 
roblems. 
SUMMARY 

Five cases of unilateral absence or hypo- 
lasia of a main branch of the pulmonary 
rtery are presented. To our knowledge this 
s the largest such series in which the diag- 
osis has been made prior to autopsy or surgi- 
al exploration. These patients showed 
horacie asymmetry and disparity between 
he vascular markings in the lung fields. The 
esting pulmonary artery pressures were 
isually normal. On exercise there was an 
xaggerated rise in pulmonary artery pres- 
sure. With occlusion of a segment of the 
‘xisting pulmonary vascular system by a 
balloon-tipped catheter there was a marked 
There 
was negligible oxygen uptake on the side of 
the absent artery. The condition is empha- 
sized as a symptomatie clinical entity. ° 


rise in pulmonary artery pressure. 


SuUMMARIO IN INTERLINGUA 
Es presentate 5 casos de absentia o hypo- 
plasia unilateral de un branea major del 


arteria pulmonar. Secundo nostre informa- 


tion, isto es le plus extense tal serie in que 


le diagnoses esseva establite ante le neeropsia 
o un exploration chirurgic. Iste patientes 
exhibiva asymmetria thoracic e disparitate 
del mareas vascular in le campos pulmonar. 
Le pressiones del arteria pulmonar in stato 
(le reposo esseva usualmente normal. Post 
exercitio il occurreva un exaggerate augmento 
lel pression pulmono-arterial. Occlusion de 
un segmento del existente systema pulmono- 
vascular per medio de un catheter a puncta 
ballonate resultava in un augmento marcate 
lel pression pulmono-arterial. Un negligible 
icceptation de oxygeno esseva constatate al 
latere del arteria absente. Es signalate que 
le condition debe esser considerate como un 
symptomatic entitate clinic. 
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massi 


left, not on the contrary, that where the left is, there is the right one too; that I call the 
left ventricle which is distinguished in place, but not in use from the tother, which doth 
diffuse the blood into the whole body, not into the lungs alone, hence the left ventricle 
seems to make up the heart of it self, being placed in the middle, and so fene’d with 
higher ditches, and fram’d with greater diligence that the heart seems to have been made 
for the left ventricle’s sake, and the right ventricle seems as it were a servant to the left, 
and does not reach to the top of it, and is made up of a thinner threefold wall, and it has, 
as Aristotle says, a kind of articulation above the left, and is more capacious, as admin- 


istring not only matter to the left, but giving nourishment likewise to the lungs. 


Wituram Harvey. De Motu Cordis, 1628. 
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Angiocardiographic and Physiologic Correlations 
in Mitral Stenosis 


By Dante. 8. Lukas, M.D., PETER R. Maurer, M.D., AND ISRAEL STEINBERG, M.D. 


With the use of the technics of angiocardiography and cardiae catheterization the 
relation of specific hemodynamic abnormalities to alterations in cardiovascular anatomy 
in mitral valvular disease was investigated in 56 patients. 


“T IS well known that the left atrium and 
| pulmonary artery are characteristically 
eilarged in mitral stenosis.':* However, the 
quantitative relationship of these anatomic 
abnormalities to the concomitant disturbances 
ii cardiovascular hemodynamics has not 
heen defined. The few anatomic-physiologic 
studies that are available are semiquantitative, 
since they are based on rough estimates of left 
atrial and pulmonary arterial size derived 
from fluoroscopy and conventional roentgen- 
ograms of the heart.*° Since angiocardiog- 
raphy delineates the cardiovascular structures 
and permits precise measurements, a quanti- 
tative method for comparison with the data 
obtained by cardiae catheterization in patients 
with mitral stenosis is available. Correlation 
of the findings derived from the 2 technies 
forms the basis of this report, an abstract of 
which has been published previously.® 


MATERIALS AND METHODS 


Fifty-six patients with rheumatic mitral valvular 
disease who were undergoing evaluation for mitral 
alvuloplasty were selected on the basis of techni- 
ally adequate angiocardiograms and the complete- 
ess of the data obtained by cardiac catheteriza- 
ion. In all instances cardiae catheterization and 
ngioecardiography were performed within a short 
nterval, usually within a week. Clinically each 
vatient was in an optimum state, induced when 
iecessary by vigorous medical therapy.  Thirty- 
hree were women; 23 were men. The ages varied 
rom 21 to 56 years; the majority were in the 
ourth decade. 

Mitral stenosis was the predominant lesion in 
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51 patients and was confirmed by operation in 47. 
Five patients had associated mitral insufficiency 
of a marked degree; this was verified by operation 
in 3 instances. The 56 patients were divided into 
4 groups; group I consisted of 13 patients with 
pure mitral stenosis as determined by the most 
stringent eriteria, notably, absence of an apical 
systolic murmur, absence of evidence of mitral 
insufficiency in the pulmonary “capillary” pressure 
tracing, and absence of a regurgitation jet at 
mitral valvuloplasty. The 13 patients in group 
II also had no palpable regurgitant jet at opera- 
tion but had either an apical systolie murmur or 
some evidence of mitral insufficiency in the pul- 
monary “capillary” tracing. Group III was com- 
posed of 25 patients who exhibited a small re- 
gurgitant jet at operation or, if not operated upon, 
had an apical systolic murmur and significant 
evidence of mitral insufficiency in the pulmonary 
“capillary” tracing. Mitral stenosis, however, was 
the predominant lesion, clinically, hemodynamieal- 
ly, and at surgery. Group IV was composed of 
5 patients with evidence of severe mitral insuffi- 
ciency in addition to significant stenosis. 

Cardiac catheterization was performed by 
methods previously described.’ Frontal and left 
lateral angiocardiograms were made at a distance 
of 48 inches, usually at 1-second intervals with an 
exposure time of 1/30 to 1/10 second. The Fair- 
child roll-film cassette’ and the F-X-R 12 by 12 
inch roll-film magazine* permitted multiple serial 
exposures. Immediately prior to angiocardiography 
the circulation time was determined by rapid injec- 
tion of 3 ml. of Decholin in 15 ml. of saline via 
the Robb-Steinberg needle and stoep-cock unit”; 
50 ml. of sodium acetrizoate (Sodium Urokon) 
were then injected rapidly and the central eardio- 
vascular system was visualized. 

The outline of the opacified left atrium (fig. 1) 
was traced and the enclosed area was measured 
with a self-compensating polar planimeter. Left 
atrial volume could be calculated from measure- 
ments of the horizontal, superior-inferior and 
anteroposterior axes of the left atrium as defined 
in the posterior-anterior and lateral angiocardio- 
grams by applying the formula for an ellipsoid. 
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Fig. 1. Top. Frontal angiocardiogram at 9 see- 
onds of 21-year-old woman from group 1 with pure 
mitral stenosis demonstrating opacification of left 
atrium and aorta. Bottom. Tracing with border of 
left atrium heavily outlined. The enclosed area 
was measured by planimeter. Note elliptical shape 


of atrium. 


In a preliminary survey good correlation between 
the volume determined by this method and the 
frontal area was observed. For this reason and 
because in many instances the configuration of the 
atrium deviated significantly from an ellipsoid, it 
was decided to use the frontal area as the best 
objective index of left atrial size. 

Since synchronization of x-ray exposures with 
either the electrocardiogram or a suitable param- 
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eter of the mechanical action of the heart was nt 
available, it was not possible to select a speeil « 
phase of the cardiae cycle for these measurement . 
In the 35 patients with atrial fibrillation variatio ) 
in size of the left atrium from one film to anothe , 
however, was minimal. In those with normal sinu; 
rhythm difference in size ranged from 1 to 8.1 em 
(mean: 18 += 2.4 em.*). The largest area w: 
chosen for inclusion in the data. In half th 
group no change in area occurred during the enti 
series of exposures. 

The diameter of the main stem pulmonary arter 
was measured at the midportion of the vess¢ 
perpendicular to its axis (fig. 2). The diamete 
of the midportion of the ascending aorta also wa 
measured. The pulmonary artery was assume: 
to be eylindrical and the cross-sectional area wa 
caleulated on that basis. 

Normal values for left atrial area, cross-sectiona 
area of the main pulmonary artery and _ aorti 
diameter (table 1) were obtained from the angio 
cardiograms of 24. subjects without clinica 
evidence of cardiovascular disease. Their ages 
ranged from 18 to 60 years. Most of them had 
peripherally located pulmonary or anterior medi 
astinal lesions. No involvement or distortion of 
the main cardiovascular structures was demon 
strated in the angiocardiograms. 


RESULTS 
Hemodynamic Data. The range and distri- 
bution of the physiologic measurements can 
be seen in figures 3 to 6. Mitral valve area 
was calculated in 52 patients. In 30 the area 
was less than 1 em.” In only 2 patients was 
valve area larger than 2 em.2 Mean resting 
pulmonary artery pressure was normal in 
only 2 cases. There was no marked difference 
in the average mean pressures in groups I, 
II, and III, but in group IV, the pressures 
were generally lower. Pulmonary vascular 
resistance varied widely within each group. 
It was normal in only 3 patients. Cardiac 
index was normal in a significant number of 
group I patients only. Among the other 
groups no more than 4 patients had a normal 
cardiac output. Pulmonary ‘‘capillary”’ 
pressure at rest in all groups clustered about 
the level of plasma protein osmotic pressure. 
The pressure was normal in 1 patient but in- 
creased to abnormal levels during exercise. 
Anatomic Data (Table 1). Weft atrial size 


was beyond the normal range in every case. 
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TABLE 1.—Measurements of Left Atrium, Pulmonary Artery, and Aorta in Normal Subjects 


and Patients with Mitral Stenosis 


Mean=8.D. 


ontal area of left 
atrium (em.?) 


27 +4 


oss-sectional area of mein ~ 
pulmonary artery (mm.?) 530 + 101 


ameter of ascending -——— 
aorta (mm.) 29+3 








(he mean atrial size in group I (60 + 12 
cm.*) was somewhat smaller than in group II 
80 + 39 em.*) and in group III (78 + 19 
om.*), but in general there was a marked de- 
rree of overlap of atrial size among the first 3 
vroups. In group IV the atrial size was sig- 
nificantly larger than in the other groups. 
There were 7 patients with ‘‘giant’’ atria 
vreater than 115 em.?). Two were in group 
11, 1 in group III, and 4 in group IV. The 
iuain pulmonary arterial cross-sectional area 
was not as consistently enlarged as was the 
atrium. The areas of 3 patients in group I, 3 
in group II, 9 in group III, and 2 in group 
|V fell within the normal range. There was 
ittle difference in the mean size and distribu- 
ion among the 4 groups. 
ontrary to general opinion, did differ 
The aorta ap- 
eared small in relation to the other enlarged 
ardiovascular structures. 


Aortic diameter, 
not 
ignificantly from normal. 


Anatomic-Physiologic Correlations. Left 
(trial Only a low degree of inverse 
orrelation (r = —0.34; p <0.05> 0.01) existed 
tween the left atrial area per em.” body sur- 
‘ace area and the 
fig. 3). A similar and equally low relation 
vas present between the left atrial index and 
the eardiae index (r = —0.34; p <0.05> 0.01) 
fig. 4) and the left atrial size and mean rest- 
ing pulmonary arterial pressure (r = 0.36; 


Size. 


mitral valve area index 


16 Normals 


14 Normals 


24 Normals 


25-35 


Range 


18-32 


313-707 


] 
Significance of 
difference between 
means: p 


Mean=8.D. Range 


51 Patients, groups I-III 


41-190 


<0.01 


5 Patients, group IV 


79-238 


157 +55 


<0.01 


55 Patients, groups I-IV 


906 + 285 





491-1810 


<0.01 


44 Patients, groups I-IV 





27+4 <0.1> 0.05 





p <0.01). 
measured by the correlation coefficient, was 


The degree of these correlations as 


similar among the individual groups, though 
statistical significance was assumed only when 
the groups were combined. The size of the 


atrium was not related to the pulmonary 
at (¥ 0.24; p 
<0.1> 0.05) or during exercise; to the pul- 
0.07; p< 
0.1) or to the cross-sectional area of the pul- 
monary artery (r = -0.13; p-> 0.1) (fig. 5). 

In group IV a high paradoxical inverse 
correlation (r = —0.90; p <0.05> 0.02) was 
present between atrial and pulmonary arte- 
rial size. 


‘‘capillary’’ pressure rest = 


monary vascular resistance (r 


The angiocardiograms in these pa- 
tients (fig. 8) frequently showed the main 
pulmonary artery to be compressed and dis- 
placed to the left by the very large atrium. 
When patients with mitral 
above and below 1 em.? were separated with- 


valve areas 
out regard to group, there was a significant 


difference (p <.05) in mean atrial size: 66 + 


15 em.2 with valves greater than 1 em.? and 
81 + 31 em? with valves smaller than 1 ¢m.? 
The seatter within each category, however, was 
wide. 

In each group except the first, patients with 
fibrillation had larger left atria than patients 
with sinus rhythm although there was consid- 


In 
IV, the group with the largest mean atrial 


erable overlap in size (table 2). group 
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Fig. 2. Top. Frontal angiocardiogram at 4. see- 











onds of patient with mitral stenosis demonstrating 








opacification of pulmonary arteries. Bottom. Tracing 














with walls of main pulmonary artery heavily out- 











lined. Straight line defines diameter measured in 
this study. 

















size, all patients were in atrial fibrillation. 
Giant atria occurred only in patients with 
fibrillation. The proportion of patients with 
fibrillation increased directly with the increas- 
ing evidence of mitral insufficiency (table 2). 
In each group patients with fibrillation gen- 
erally had smaller mitral valve areas, smaller 























cardiac outputs and, therefore, more severe 
hemodynamic impairment than patients with 
normal sinus rhythm. 











Atrial size did not 
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TABLE 2.—Frontal Area of Left Atrium (em.’) 
Mitral Stenosis as Related to Cardiac Rhythn 








Signifi 
Normal cance « 
Group Statistic sinus Atrial differen 
rhythm fibrillation betwee 
means: 
Mean=S.D. | 57+12 | 67+14 
I Range 41-86 48-74 >0.5 
Number 10 3 
a +—— : 
Mean=+S8S.D. | 62+14 98 +47 | 
II | Range | 43-91 58-190 | <0.0! 
Number 7 6 
| Mean+8.D. | 60+7 82+19 
III Range 54-70 58-122 | <0.05 
~ | 
Number + 21 
Mean +8.D. | 157 +55 
IV | Range 79-238 
Number | 0 5 
I, 1I,}| Mean+S.D. | 59+12 84 +27 
III Range 41-91 48-190 | <0.01 
Number 21 30 








correlate with cardiae index, mitral valve 
area, pulmonary vascular resistance, or pul 
monary arterial pressure in patients with 
atrial fibrillation or in those with sinus 
rhythm. 

Cross-Sectional Area of Main Pulmonary 
Artery. The cross-sectional area of this ves 
sel correlated closely (r = 0.66; p <0.01) with 
the mean pressure in the artery both at rest 
and during exercise in combined groups I. 
II, and III (fig. 6). Pulmonary arterial area 
correlated but less well with pulmonary vas 
cular resistance (r = 0.31; p <0.05> 0.01 
(fig. 7) and with the mitral valve area (r = 
0.47; p <0.01). These correlations were not 
demonstrable in each of the individual groups. 
In group I the lack of correlation was due to 
inclusion of 2 cases with areas differing wide- 
ly from the mean. In group IV distortion 
and lateral displacement of the pulmonary 
artery by a very large atrium appeared to 
limit enlargement of the pulmonary artery. 
The pulmonary arterial cross-sectional area 
of a number of patients in this group was 
normal despite marked pulmonary arterial 
hypertension. The right branch of the artery 
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80 100 120 140 160 180 

Fic. 3 Top. Relation of left atrial frontal area in 
om/M.* body surface (ordinate) to area of mitral 
ilve orifice in em.*/M.° body surface (abscissa) in 
itral stenosis. Correlation coefficient: —0.34. 

Fig. 4 Middle. Relation of frontal area of left 
trium in em.°/M.* body surface (ordinate) to cardiae 
utput in J../min./M. body surface (abscissa) in 
\itral stenosis. Correlation coefficient: —0.34. 

Fig. 5 Bottom. Relation of cross-sectional area of 
iain pulmonary artery in em.” (ordinate) to frontal 
rea of left atrium in em.’ (abscissa) in mitral ste- 


osis. Correlation coefficient: —0.13. 


vas similarly compressed and stretched out 
is it coursed over the left atrium (fig. 8). 


EXERCISE 


to 2 14 

Fic. 6 Top. Relation of cross-sectional area of 
main pulmonary artery in em.” (ordinate) to mean 
pulmonary arterial pressure in mm. Hg during rest 
and exercise (abscissa) in mitral stenosis. Correla- 
tion coefficient: 0.66. 

Fic. 7 Bottom. Relation of cross-sectional area of 
main pulmonary artery in em.” (ordinate) to pulmo- 
nary vascular resistance in 100 dynes-see.-em.~ 
(abscissa) in mitral stenosis. Correlation coefficient : 
0.31, 


DiscussI0N 

In no other form of acquired heart disease 
is elevation of left atrial pressure as chronic 
and as pronounced during rest and exercise 
as in severe mitral stenosis. Ostensibly it is 
for this reason that the left atrium in this 
disease is enlarged more consistently and more 
strikingly than in other conditions that cause 
left atrial hypertension. 

In this study, nevertheless, it was not pos- 
sible to demonstrate a significant correlation 
between left atrial size and pulmonary ‘‘ecapil- 
lary’’ pressure, a pressure which on the basis 
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Fic. 8. Frontal angioeardiogram at 8 seconds of 





57-year-old woman from group IV with mitral ste- 
nosis, mitral insufficiency and atrial fibrillation. Main 
pulmonary artery is of normal diameter and is dis- 
placed to the left by the giant left atrium, which 
is nonopacified but clearly delineated. Right braneh 
of pulmonary artery is displaced upwards and ap- 
pears narrowed and elongated as it courses over 
the atrium. Although patient had considerable mitral 
insufficiency, the valve was also severely stenotie and 


could be widened at operation. 


of ample demonstration in the past can be re- 
garded as equivalent to that in the left atrium. 
In most of the patients left atrial pressure fell 
within the range of plasma protein osmotic 
pressure (i.e., 25 to 30 mm. Hg) whereas left 
atrial area varied as much as 6-fold. The ten- 
dency for left atrial pressure at rest to be 
fixed at a ‘‘ceiling’’ equivalent to plasma pro- 
tein osmotic pressure in patients with mitral 
orifice areas less than 0.8 em.?2/M. has been 
noted previously.'! The majority of our sub- 
jects had such marked restriction of the mi- 
tral orifice. Although a significant negative 
correlation between atrial size and orifice area 
was found, it was of low order partially, no 
doubt, because of fixation of atrial pressure. 

It is significant that the majority of our 
subjects had relatively advanced mitral dis- 
ease and were under consideration for valvu- 
loplasty. Had the entire spectrum of se- 
verity of this disease been represented more 
adequately, especially by mild and asympto- 
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matie mitral stenosis, it may have been pvc s- 
sible to identify more clearly the effects | f 
pressure and orifice size on atrial dimensioi 
When the response of a vascular structu 
to alterations in pressure is considered, t) 
physical properties of the structure, notab 
distensibility elasticit 
must be taken into account. In mitral stenos 


(compliance) and 


these properties not only vary normal! 
among individuals but are subject to conside 
able modification by such pathologic pro 
esses as mural thrombosis, rheumatic involv: 
ment of the left atrial endocardium and my 
cardium, mural caleification, and thiekenin 
and adhesion of the overlying pericardiun 
Variation in physical properties of the lef 
atrium from patient to patient will tend t 
obscure a correlation between chamber siz 
and pressure. 

Larger atria in patients with atrial fibrilla 
tion as compared to those with normal sinus 
rhythm regardless of orifice size suggests that 
this rhythm also alters left atrial distensibility 
and elasticity. It appears likely that loss of a 
coordinated atrial contraction converts this 
chamber into a flaccid structure that is more 
susceptible to dilatation. 

In patients with normal sinus rhythm, it 
was not possible to demonstrate a significant 
dilating effect of coexisting mitral insuffi- 
ciency on the left atrium. The range and mean 
of atrial size was almost identical in those 
patients with no evidence whatsoever of mitral 
insufficiency, those with auscultatory and 
hemodynamie evidence of insufficiency but no 
regurgitant jet at operation, and those with 
ausculatory, hemodynamic, and _ operative 
signs of mitral regurgitation. In patients with 
atrial fibrillation, on the other hand, insuffi- 
ciency was associated with significantly larger 
atria. 

The regurgitant stream of insufficiency pro- 
duces increased turbulence within the atrium, 
impinges on its wall and is associated with a 
positive systolic pressure wave, which in the 
presence of associated stenosis may attain very 
high levels. All these factors are expected to 
contribute to dilatation of the atrium; the 
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‘sent evidence, however, indicates that their 
«t is more manifest in atrial fibrillation 
in sinus rhythm. This may be due not only 
the flaccidity of the atrium in atrial fibrilla- 
nn but also to the more sustained nature of 
e insufficiency wave in the atrium with this 
yvthm. The effect of insufficiency on left 
rial size may be assessed more completely 
ien reliable methods for quantification of 
lvular regurgitation become available. 
Controversy exists over the significance of 
markedly enlarged or ‘‘giant’’ left atrium. 
is regarded by some as the result of over- 
helmingly predominant mitral insufficiency. 
mong the 7 of our patients with giant atria 
irea greater than 115 em.2—4 times greater 
han the normal mean) 2 had surgically pure 
\itral stenosis. The atrium of 1 of these was 
he second largest in the series and contained 
volume of blood calculated to be approxi- 
imately 1.7 L. A third patient had a small 
regurgitant jet at operation but also very 
light stenosis. Only 4 patients had marked 
evidence of mitral insufficiency but ins the 3 
ireated surgically significant stenosis, which 
could be relieved, was found. This evidence 
indicates that although it is more common 
when insufficiency coexists, a giant atrium 
connotes underlying mitral stenosis which 
may be of pure form. In a carefully selected 
series of 30 cases of pure mitral insufficiency, 
studied by Brigden and Leatham! the ‘* 
left auricle was moderately dilated but was 
never aneurysmal ...’’ In the evaluation of 
in insufficient mitral valve for associated sten- 
isis, it should be remembered that the sub- 
valvular mitral apparatus may be the site 
f very significant obstruction (chordal sten- 
osis of Rusted, Scheifley, and Edwards!*), 
which may be overlooked if not sought. 
In contrast to the left atrium, enlargement 
of the pulmonary artery is more directly re- 


lated to the severity of the hemodynamic ab- 
normalities, particularly the degree of pul- 


monary arterial hypertension, which in turn 
depends on the severity of the stenosis and the 
secondary alteration in the pulmonary vascu- 
lar bed.* '° However, considerable scatter in 
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the correlation occurred and in some cases of 
severe stenosis with pulmonary arterial pres- 
sure up to 3 times normal the main pulmonary 
artery was of normal size. Some of the scatter 
can be attributed to intrinsic alterations in 
the arterial wall produced by factors such as 
rheumatic involvement and atherosclerosis. In 
addition to elevated pressure, increased blood 
flow in the artery may increase its size as it 
does in atrial septal defect and in hyperthy- 
roidism. Pulmonic valvular insufficiency also 
may produce considerable increase in blood 
flow in the main pulmonary artery and occurs 
with moderate frequency in severe mitral 
stenosis. The largest pulmonary artery en- 
countered in this series occurred in a patient 
with marked pulmonary arterial hypertension 
and advanced pulmonic valvular insufficiency. 

In a practical vein it is apparent from our 
data that the degree of stenosis and hemodyna- 
mice abnormality in mitral stenosis can be 
estimated only roughly from roentgenograms 
of the heart. Larger atria and main pulmon- 
ary arteries in general indicate severe disease ; 
however, modest enlargement of these struc- 
tures cannot be regarded as excluding tight 
stenosis. In an assessment of the size of the 
left atrium roentgenographically the over- 
penetrated frontal view of the chest offers 
many advantages over the lateral and oblique 
views even when taken with barium in the 
esophagus. In this view with the proper degree 
of penetration it is usually possible to trace the 
outline of the atrium almost as reliably as in 
the angiocardiogram, whereas in the other 
views only the posterior border of the chamber 
as it impinges on the esophagus can be de- 
lineated with assurance. Knowing the full ex- 
tent of the chamber in at least 1 plane it is 
possible to quantify the degree of enlarge- 
ment by comparison with normal data. Plani- 
metry of the area is the preferred method of 
measurement ; however, determination of the 
vertical and horizontal axes of this elliptical 
chamber provides a satisfactory index of the 
enlargement. In the normal adult these axes 
do not exceed 5 em. by 8 em. Enlargement of 
the atrium in the frontal plane is invariably 
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more prominent than in the sagittal plane. 
We have encountered instances in which en- 
largement was questionable in the lateral and 
oblique views but unequivocal in the frontal 
view. 

Estimating the diameter of the main pul- 
monary artery from conventional roentgeno- 
grams of the heart is not so readily ac- 
complished. As indicated previously, a large 
left atrium may displace the pulmonary ar- 
tery to the left and cause it to project promin- 
ently along the left border of the heart and 
thus give a false appearance of enlargement, 
even though in some instances the diameter 
is normal. The expert can guess the diameter 
ot the artery with reasonable accuracy, but a 
precise evaluation requires angiocardiogra- 
phy. 

SUMMARY 

The frontal area of the left atrium and the 
cross-sectional area of the main pulmonary 
artery were measured angiocardiographically 
in 56 patients with mitral stenosis and com- 
pared with hemodynamic data obtained by 
cardiac catheterization. Left atrial size was 
related inversely to the area of the mitral 
orifice and the cardiac output and directly 
to the pulmonary arterial pressure. These 
correlations although statistically significant 
were low grade. 

Associated mitral insufficiency and atrial 
fibrillation appeared to increase the size of 
the left atrium, but a dilating effect of mitral 
insufficiency could not be detected in patients 
with sinus rhythm. Giant atria occurred only 
in patients with atrial fibrillation, frequently 
in association with mitral insufficiency, but 
occasionally in patients with surgically pure 
mitral stenosis or minimal insufficiency. 

The cross-sectional area of the main pul- 
monary artery correlated closely with the 
pulmonary arterial pressure and to a lesser 
degree with the pulmonary vascular resistance 
and the size of the mitral orifice. Considerable 
scatter in the various anatomic-physiologic 
correlations suggested the existence of wide 
interpatient variability in the intrinsic elastic 


properties of the atrium and artery. 
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The diameter of the mid-aseending aort 
did not differ from normal. 
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SUMMARIO IN INTERLINGUA 

Le area frontal del atrio sinistre e le are: 
del section transverse del major arteria pul 
monar esseva mesurate angiocardiographica 
mente in 56 subjectos con stenosis mitral. Li 
resultatos esseva comparate con datos hemo 
dynamic obtenite per catheterisation cardiac. 
Le dimension del atrio sinistre esseva rela- 
tionate inversemente al area del orificio mitral 
e al rendimento cardiae e directemente al 
pression del arteria pulmonar. Iste correla- 
tiones esseva de basse grados ben que statisti- 
camente significative. 

Le association de insufficientia mitral e de 
fibrillation atrial pareva augmentar le dimen- 
sion del atrio sinistre, sed nulle effecto dila- 
tante del insufficientia mitral esseva detegi- 
bile in patientes con rhythmo sinusal. Atrios 
gigante occurreva solmente in patientes con 
fibrillation atrial, frequentemente in associa- 
tion con insufficientia mitral, sed a vices in 
patientes con chirurgicamente pur stenosis 
mitral o grados minimal de insufficientia. 

Le area del section transverse del major 
arteria pulmonar se correlationava nettemente 
con le pression del arteria pulmonar e minus 
pronunciatemente con le resistentia pulmono- 
vascular e le dimension del orifico mitral. Un 
erado considerabile de dispersion in le varie 
correlationes anatomico-physiologic suggereva 
le existentia de un extense variabilitate ab un 
patiente al altere in le intrinsee proprietates 
elastic del atrio e del arteria. 

Le diametro del aorta centro-ascendente 
non differeva ab le norma. 
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Study of the clinical course of 87 young patients with severe free aortic regurgitation 
due to rheumatic heart disease showed that at the end of 10 years 37 per cent were still 
able to lead quiet, nearly normal lives, and at the end of 20 years, 26 per cent still 
remained in this category. On the other hand, 38 per cent died within 10 years and 50 
per cent within 20 years. The causes of death were recurrent rheumatie fever with 
congestive heart failure, angina pectoris, or subacute bacterial endocarditis. The ap- 
pearance of congestive failure or angina pectoris, in particular, nocturnal angina at 
rest, was of ominous import with the duration of life after the onset of angina pectoris, 
in the majority of cases being 1 to 2 years. 
certain characteristic features. 
yrovoeation. 


New England 


In these patients the anginal syndrome had 
The most severe attacks occurred at night and without 
The recumbent position appeared to be a predisposing factor. Sinus 
tachyeardia, palpitation, generalized flushing of the skin, profuse sweating, and difficult 
respiration were essential features of the attack usually preceding the onset of pain. 
Beeause of intractable congestive heart failure and angina pectoris surgical relief with 
the plastic valve of Hufnagel was attempted in 14 patients. Favorable results were 
obtained in 40 per cent with extraordinary benefits in a few, so that this physiologic 
compromise is recommended for those patients in serious difficulty until a more promis- 
ing procedure is available. 
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Electrolyte and Water Excretion in Arterial Hypertension 


II. Studies in Subjects with Essential Hypertension after 


Antihypertensive Drug Treatment 


By Wituiam Houuanper, M.D., anp Water E. Jupson, M.D. 


The increased capacity of hypertensive subjects to excrete sodium is frequently reduced 


by effective antihypertensive drug treatment. 


This reduction in sodium exeretion is not 


necessarily associated with changes in renal hemodynamic function or resting sodium 
excretion. It appears to result from an alteration in renal tubular activity. The findings 
suggest that the arterial pressure per se may operate to control sodium excretion. They 
also are consistent with the hypothesis that certain disturbances in sodium excretion in 
arterial hypertension may be the result and not necessarily the cause of an elevated 


blood pressure. 


HE renal excretory responses to hyper- 
7: tonic saline infusions have been shown 
by several workers to be different in hyper- 
tensive than in normotensive subjects..4 Al- 
though both groups show inereases in sodium 
excretion following an infusion of concen- 
trated saline solution, the increases are sig- 
nificantly greater in the hypertensive than in 
the normotensive group. These differences in 
the renal capacity to excrete sodium appear 
to be due to differences in the renal tubular 
handling of sodium. In a recent study on 
normotensive subjects and patients with es- 
sential hypertension not treated with drugs, 
sodium excretory capacity was observed to 
correlate. significantly with arterial blood 
pressure but not with renal plasma _ flow, 
glomerular filtration rate or control sodium 
excretion.” In view of these findings the pres- 
ent study was undertaken mainly in the same 
group of hypertensive subjects to determine 
whether a chronic lowering of the blood pres- 
sure produced by antihypertensive drug ther- 
apy might be accompanied by a reduction in 
sodium excretory capacity.* 


From the Robert Dawson Evans Memorial, De- 
partment of Clinical Research and Preventive Medi- 
cine, Massachusetts Memorial Hospitals, and the 
Department of Medicine, Boston University School 
of Medicine, Boston, Mass. 

Supported in part by a grant from the National 
Heart Institute of the National Institutes of Health, 
U. S. Public Health Service. 


MATERIAL AND METHODS 


Eleven subjects with essential hypertension were 
studied who were compensated and had no history 
of congestive heart failure. All had grade 1 to 2 
hypertensive retinopathy but a normal blood urea 
nitrogen. The routine urine analysis was normal 
except in 4 subjects, I. P., R. O., C. F., and J. W. 
who had 1 + albuminuria. One of the subjects, 
V. V., had had a bilateral lumbodorsal sympathee- 
tomy + years prior to the study. 

During the control period, which was at least 3 
months in duration, the subjects were given 
placebos. After this period, the group was treated 
continuously with oral antihypertensive drugs for 
3 to 13 months. Five subjects received hvdrala 
zine, 3 others were given reserpine, and the re- 
maining 3 received hexamethonium. The daily 
dosages and duration of treatment for each subject 
are listed in table 1. Throughout the study ¢linieai 
observations of blood pressure were obtained im 
the supine position at 2 to 3 week intervals. At 
no time was the dietary intake of salt restricted. 

Renal studies identical to those previously de- 
seribed’ were carried out in the same individual 
before and after the antihypertensive drug treat- 
ment. On the day of the test no medication was 
given. The subjects were studied in the morning 
in the postabsorptive state while lying supine. 
Urine was collected through an indwelling bladder 
catheter. Following the “control” period which 
consisted of 3 to 4 urine-collection periods of 10 
to 15 minutes each, 300 ml. of 5 per cent sodium 
chloride was administered intravenously at the 
rate of 10 to 12 ml./min. At the end of the 
infusion a urine collection designated as “5 per 
cent NaCl” was made. Thereafter at least 3 addi- 
tional urine collections were obtained in the 
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‘ecovery” period at intervals of 15 minutes. The 
achial artery pressure was measured with an 
tromanometer and recorded by direct-writing 
cillograph. 


The measurements of para-aminohippurie acid 
and inulin clearances, hematocrit, and concentra- 
tions of sodium and potassium in the urine and 
serum were made by methods previously reported. 


TABLE 1.—Effect of Antihypertensive Drug Treatment on Renal Function 


Treatment 
and 
duration 


Control 

6 mos. 
Hydralazine 
75 mg./day 
5 mos. 


| 


Control 

3 mos. 
Hydralazine 

75 mg./day 

3 mos. 


| Control 

6 mos. 
Hydralazine 
400 mg./day 
5 mos. 


| Control 

4 mos. 
Hydralazine 
600 mg./day 
13 mos. 


Control 
4 mos. 


Hydralazine 
800 mg. /day 
6 mos. 


Control 

3 mos. 
Reserpine 
0.5 mg./day 
3 mos. 








Procedure 


Control 
5% NaCl 
Recovery 


Control 
5% NaCl 
Recovery 


Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 

Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 
Control 
5% NaCl 
Recovery 





CpaH 
ml./min./ 
1.73 M2? 


458 
643 


625 


447 
489 
559 
309 
303 
355 


353 
390 


417 
489 
445 
390 
530 
468 


365 
456 
490 


CIN 
ml./min./ 
1.73 M2 


106 
128 
132 
93 
91 
100 


81 
80 
85 


84 





UV 
8. 
8. 
9.¢ 
9.< 
4. 
2. 








ml./min. 





(microEq./ 


UnaV 


min.) 


250 


1340 
1726 
234 
368 


-e- 


oo 


601 
706 
1131 


654 
964 


765 
2387 
2364 


1277 
2962 
2017 

152 
1258 
1014 
472 
1210 

746 


141 


975 


802 


583 
1012 
687 


723 


1202 
1661 


186 
540 


779 


934 





UKV 
(microEq./ 
min.) 


78 
143 
128 





Arterial 
pressure 
mm. Hg 
5 M 


S D 
185/100/135 
210/110/145 
200/110/140 


170/95/120 
160/85/105 
160/90/115 
170/100/125 
170/100/125 
170/100/125 
150/80/105 
150/80/105 
140/75/100 
205/120/145 
205/115/150 
200/120/145 


180/100/125 
180/100/125 
180/100/125 


180/95/125 
180/100/130 
180/100/130 


150/90/115 
160/100/120 
160/90/115 
220/130/160 
220/135/165 
220/130/160 


185/100/135 
180/100/135 
180/100/135 


180/100/130 
175/95/120 
185/100/130 


150/90/110 
160/95/115 
160/90/115 
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TABLE 1.—Continued 


Treatment CPpaAH 
Patient, and | | mil./min ml 
age, Sex duration | Procedure 
1 
— | 
Control | 
| | 
| Control | 5% NaCl | 
6 mos. Recovery | 


| Control | 
| 5% NaCl | 
9 mos. | Recovery 


| Reserpine 
| 0.5 mg. /day 


| Control 
5% NaCl | 
3 mos. Recovery | 


Control 


Reserpine 
0.25 mg. /day 


Control 
5% NaCl 
9 mos. | Recovery 


Control 
Control 5% NaCl 


c 
3 mos. | Recovery 


Hexamethonium | Control 
5% NaCl | 
3 mos. Recovery 


2.5 Gm./day 


| Control 
Control 5% NaCl 
3 mos. Recovery 


Arterial 
UNaV UKV pressure 
UV | (mieroEq./ | (microEq./ 


. r ; mm. Hg 
ml./min. min.) min.) 


S$ DM 


176 | £7 160/90/115 
1013 | 85 165/90/115 
1092 95/115 


270 =| : 30/70/90 
1033 8 5/80/100 
1330 | 5 /80/100 


617 | i 120/150 
2290 | 37 185 /110/145 
1561 5S 180/110/140 


75 140/100/115 
438 | 130/90/105 
437 130/90/105 

1126 260/130/170 

1163 250/140/175 

1445 240/150/180 


262 200/110/140 
274 : 190/100/130 
381 180/100/125 


220/140/165 
230/135/165 
220/140/165 





Hexamethonium | Control 
| 3 Gm./day 5% NaCl | 
5 mos. Recovery 





Control 
| 5% NaCl | 


Control 


3 mos. Recovery 


220/130/160 
210/120/150 
220 /160 
220/130/160 
220/120/140 
220/120/140 





; | 
Hexamethonium | Control | 
| 5% NaCl | 


9 mos. Recovery | 





2.5 Gm. /day 








| 
Cpaun, para-aminohippuric acid clearance; 
sodium excretion; UxV, potassium excretion. 


RESULTS 

The renal responses to intravenous 5 per 
cent sodium chloride before and after anti- 
hypertensive drug treatment are summarized 
in table 1. The statistical analyses of the re- 
sponses are given in table 2. 

PAH Clearance (Renal Plasma Flow). The 
renal plasma flow at rest and during and fol- 
lowing the saline infusion was not signifi- 
cantly altered by treatment. The increases 


150/90/110 
160/100/120 

















Cyn, inulin clearance; UV, urinary volume; UnaV, 


in renal plasma flow that followed the salin: 
infusion were likewise not significantly dif 
ferent after treatment. 

Inulin Clearance (Glomerular Filtratioi 
Rate). The glomerular filtration rates befor: 
and after the intravenous saline load were no! 
significantly different from the values ob 
tained before treatment (figs. 1 and 2). Al 
though significant increases in glomerular fil 
tration rate occurred before but not afte) 
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CONTROL 


HYDRALAZINE TREATMENT 
( 75 mg. /Doy for 6 Months) 


5% NoCt 5% NoCi =e | IME a 
RESERPIN TREATMENT ! 
(300 ce1V) (300ce. iv) CONTE. (0 25 mg /Day for 9 Montns) 


5% Noct 5% Not 
PAH (3006 iv) 


! (300¢¢ 1v) 
CLEARANCE t | | — saa 
mL. /Min /L73ME Pan 
CLEARANCE 
ml. Min /173ME 


INULIN 
CLEARANCE 
2 
[ am Min. / 173M INULIN 
| CLEARANCE 
a mi. /Min /173me 00 
| EXCRETION 
| mcroEg /Min J 
EXCRETION 
rmcrolg /hr 


URINE FLOW 


mL. / Min. URINE FLOW 
m™ sin 


ARTERIAL 
PRESSURE PRESSURE 
ay mm Mg 





f+ — 4 
PULSE RATE 


PULSE RATE 
deots / Min 


St beste ame | 
4 | a 4 a —— 
6 20 2 40 6 80 100 20 40 6 80 100 120 
TIME IN MINUTES 





TIME IN MINUTES 


Fic. 1 Left. The effect of oral hydralazine therapy on the renal responses to intravenous 
hypertonic saline in a subject with essential hypertension. 

Fig. 2 Right. The effect of oral reserpine therapy on the renal responses to intravenous 
hypertonic saline in a subject with essential hypertension. 


treatment, statistically they were not Signi- excretion at rest and in response to intrave- 
icantly greater than those after treatment. nous hypertonic saline was not noticeably dif- 
Urine Volume (UV). The control urine ferent from the values of sodium excretion 
‘low after treatment was not significantly dif- obtained in the remaining subjects who had 
ferent from the flow prior to treatment. How- received such an infusion. 
ever, during and following the saline infu- Ratio of Excreted Sodium to Filtered So- 
sion, urine excretion was significantly less af- dium (E/F Sodium). The ealeulated ratio 
‘er than before treatment. As opposed to an of excreted sodium to filtered sodium (E/F 
nsignificant change in urine flow during the Na) in the control period after treatment was 
‘ecovery period before treatment, urine flow not significantly different from the ratio be- 
ifter treatment decreased significantly in this fore treatment. Both before and after treat- 
eriod (fig. 1). ment the E/F Na significantly increased after 
Sodium Excretion (UxeV). The control the saline infusion. The increase in the ratio, 
odium exeretion, which was elevated in the however, was significantly less after than be- 
rroup, was not significantly altered by treat- fore treatment. 
nent. However, the excretion of sodium fol- Potassium Excretion. Potassium excretion 
owing the saline infusion was significantly before and after the infusion of saline was not 
ess after than before treatment by a mean of significantly altered by treatment. Although 
56 microEq./min. This marked reduction significant increases in potassium excretion 
n sodium exeretion toward normal after occurred during the saline infusion before 
reatment was due to significantly smaller in- but not after treatment, statistically they 
‘reases in sodium excretion in the recovery were not significantly greater than those after 
eriod after than before treatment (figs. 1 treatment. 
ind 2). Arterial Hematocrit. After treatment the 
In the 3 subjects (R.D., C.F., and J.W.) arterial hematocrit at rest and following the 
who had not received an infusion of PAH and saline infusion was not significantly different 
inulin either before or after treatment, sodium from the hematocrit obtained before treat- 
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TABLE 2.—Mean Data and Statistical Analysis 


PAH clearance (ml./min./1.73 M.) | Inulin clearance (ml./min./1.73 M.) 


S$ —____—_— a 


| ——— 
5% 5% Re- Re- | a 5% } Re- | Re- 

Control} NaCl | NaCl- covery | covery- Control] NaCl | NaCl- | covery | covery- 

control dD control Dp control | contre] 


Control 425 557| +132) <0.01 5‘ 26) <0.01 101 113) +12 109) 
+34 +30 5S 29 |} + §| + 9 + 4 + 9 
| | 


| 
| 


| - | | 
+ 22) ‘ |} + 7 + § + 3} ; + 
| | | 


a ae | | 
Therapy | 8} 553) +85)<0.01] 546) +78 104, 114) + ¢ 112) 





Mean | 3| | 5 8 i +4 
Diff. | +20) 33} 26; | | + 4 








— | | | 
p 8} >0.9 .2| | 0.4 0.6) 











UV (ml./min.) i] UnaV (microEq./m 


Control | 6 44.1] 0.01 3| | 463] +886] <0.01! 1395] +932| <0. 
| +1 4 | +103) +161 | +132} +112) 
| | | | 


Therapy 7] 6.4 -0.2} 0.8} 4.1] -2.6 | 469) +443 857| +388| <0.0 
#1.3) #11) | +110 +147| | #148) = 93 
Mean | -3.7| -4.3) | 8.4 -8.4 | + 5] —437) —442| —538| —543| 


Diff. | #1.3| #1.3) | 0.8) =1.: | +159] +225] +154! | #160) #113) 

















} 
| 
| 
| 
| 





p | 0.02) <0.01| | >0.9| 0.08} 0.02! <0.01| <0.01) 
| | | 


| 
| 
| 
| | 


E/F Na (%) | UkV (miercE ;./min.) 


+1.0 +0.8 


- = | 1 | | | 
Control 3. 8.2) +5.1 <0.01) 8.8] +5.7| <0.01]| 91} +34) 0.05 110) 
= | | | 


+ 10} +15] ae 8) 
Therapy 5.1) +2.9]<0.01) 5.7] +2.4)<0.01)| 110) + 6 | gal 
8 +0.8} +0.5) || +24 | +22) | +14 


| -3.3 | +19 9| 28| | —<¥9@ 
Diff. x 1. +0.8) +0.7 | +26 


Mean ‘ 2. 2.3 | =m 














p .$ > 0.08 <0.01) <0.01 


Hematocrit (“%) al pressure (mm. Hg) 


Control .5| 38.2} —3.7|<0.01 2. 0.9 143 
+0. a 6 2 +6 
Therapy 3.6] 38.8) —5. | <0.01} : ; 120 
+().¢ .§ 5 ; i 


Mean ‘ ‘ —1. 0 : 2 —23 
Diff. 0 .6] +0. 0.5 4 : = 2 + 4 


p 0.07 












































0.9 >0.9 <0.01| <0.01 | <0.01) >0.9 


ment. Both before and after treatment Arterial Pressure. Following treatment th: 
hematocrit was significantly reduced by average mean brachial arterial pressure at res 
hypertonic infusion. remained elevated but was significantly re 
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ced by 22 mm. Hg. The insignificant 
inges in blood pressure caused by the sa- 
e infusion were not significantly different 
‘ore and after treatment. In general, be- 
‘e and during treatment the averages of the 
nically measured arterial pressures were 

same as those obtained by direct intra- 
erial measurements. 


DISCUSSION 


The increased capacity of subjects with es- 
itial hypertension to excrete sodium was 
nificantly reduced toward normal by anti- 
pertensive drug therapy. The reduction 
sodium excretory capacity appeared to re- 
iit from an alteration in renal tubular ac- 
vity, since the calculated load of filtered so- 
ium was not significantly different after than 
«fore treatment. Although sodium excretion 
‘ollowing an infusion of hypertonic saline was 
significantly decreased by drug treatment, the 


control sodium excretion remained elevated. 
The latter finding is in contrast to the signi- 


ficant reduction in control sodium excretion 
reported by Green and associates in a larger 
croup of treated hypertensive subjects.® The 
present observations nevertheless suggest that 
sodium excretory capacity does not necessarily 
depend upon the control sodium excretion. 
The changes in sodium excretion following 
treatment likewise do not appear to be due to 
alterations in body fluid and electrolyte com- 
position, since it has been found in collateral 
studies that exchangeable body sodium, potas- 
sium, and extracellular fluid volume are not 
ignificantly altered by hypotensive treat- 
nent.’ These findings also argue against a 
lirect blocking action by hypotensive drugs 
» the renal excretion of sodium. 

A reduction in blood pressure produced by 
urgical as well as medical treatment in sub- 
ects with essential or renal hypertension has 
ikewise been found to be accompanied by a 
‘eduction in sodium excretory capacity.® ® 
"hese findings are consistent with the hypoth- 
‘sis that the renal capacity to excrete sodium 
s in part regulated by the arterial pressure. 
studies by Selkurt!® and by Epstein and co- 
vorkers!! on the renal responses to acute al- 


terations in blood pressure suggest that the 
effect of arterial pressure on sodium excretion 
might be a direct one on renal tubular fune- 
tion. 

Other factors that have been shown to be 
capable of altering sodium excretory capaci- 
ty are the dietary intake of salt and the 
level of adrenal cortical activity.2* '* It is 
therefore conceivable that a reduction in salt 
intake or adrenal cortical activity might op- 
erate after antihypertensive treatment to re- 
However, 
such changes in diet and in adrenal function 
following treatment were not apparent from 
the clinical findings, the control sodium ex- 


duce sodium excretory capacity. 


cretion, or the measurements of exchangeable 
body sodium, potassium, and extracellular 
fluid volume. 


SUMMARY 

The increased capacity of hypertensive sub- 
jects to excrete sodium is significantly reduced 
toward normal by antihypertensive drug 
treatment. The reduction in sodium exere- 
tory capacity appears to result from an alter- 
ation in renal tubular function. The findings 
suggest that the arterial pressure per se may 
play an important role in the control of so- 
dium excretion. It therefore is conceivable 
that certain disturbances in electrolyte and 
water metabolism in essential hypertension 
may be the result and not necessarily the 
cause of an elevated blood pressure. 


SUMMARIO IN INTERLINGUA 


Le augmentate capacitate de subjectos hy- 
pertensive a excerner natrium es reducite 
significativemente in le direction de valores 
normal per un therapia a drogas antihyper- 
tensive. Le reduction del capacitate excretori 
por natrium resulta apparentemente ab un 
alteration del function del tubulos renal. Le 
constatation suggere que le pression arterial 
per se ha possibilemente un rolo importante 
in le regulation del excretion de natrium. Per 
consequente il es concipibile que certe dis- 
turbationes del metabolismo del electrolytos 
e de aqua in casos de hypertension essential 
es le effecto e non necessarimente le causa de 
un elevate pression del sanguine. 
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Muscular Dystrophy 


Catheterization Studies Indicating Latent Congestive 
Heart Failure 


By 8S. Gaitanti, M.D., T. S. DaNowsk1, M.D., ano D. 8. Fisner, M.D. 


In an attempt to explain the electrocardiographic and other cardiae abnormalities in 
patients with muscular dystrophy, hemodynamic studies by right heart catheterization 
were done on 12 patients with muscular dystrophy. The study indicated the presence 


of latent congestive failure in some patients. 


An attempt to explain the abnormal QRS 


complexes and leads from the right side of the precordium in some of those patients is 


also made. 


\ M ANY observers have reported pathologic 
I changes in the myocardium of patients 
ith muscular dystrophy similar to those in 
ie skeletal muscles.'-* Clinical evidence of 
iivolvement of the heart has also been noted, 
msisting of persistent tachycardia,” 1” 
rrhythmias,!? congestive heart failure, chest 
pain, cardiac enlargement, changes in heart 
sounds, murmurs, electrocardiographic alter- 
ations suggestive of diffuse myocardial in- 
volvement, and sudden death." * 1! In an at- 
iempt to characterize further the cardiovascu- 
lar system in muscular dystrophy we have per- 
formed right heart catheterizations in patients 


in various stages of the disease. 


MATERIALS AND MetTHops 


Twelve patients with proved muscular dystrophy 
(table 1) were selected at random for these studies. 
!n addition to the usual physical examination, chest 

-ray, and electrocardiogram they were subjected 
io hemodynamie studies by right heart catheteriza- 
ion according to conventional methods. In this 
rrocedure blood samples for Van Slyke oxygen 
nalyses were taken from the various chambers; 
ressures were measured by a Statham P23G 
train-gage manometer and recorded by Sanborn 
‘olyviso recorder, and cardiac output was esti- 
iated by the Fick principle during rest and after 
lild exercise (cycling in bed for several minutes) 
henever possible. In the patients who were 
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unable to perform this exercise because of extreme 
weakness, steady pressure was applied over the 
upper abdomen for measured periods of time to 
simulate the effeets of such work. 


RESULTS 
Clinical Findings (table 2) 

Tachycardia was noted in all but 2 patients 
(IX and XI).* It was especially marked in 
patient III who manifested a constant tachy- 
cardia with a rate of 140. Heart size was 
within normal limits on physical examina- 
tion and by teleroentgenography in all the 
patients. No murmurs were heard on auscul- 
tation, excepting patient II, in whom a soft 
grade ii systolic murmur was audible in the 
pulmonic area. The second pulmonic sound 
was accentuated in all save 3 of the patients 
(V, VII, and XI) ; in 3 others the second pul- 
monic sound was definitely accentuated and 
split. Marked chest deformity was present in 
only 1 patient (VII), although minor abnor- 
malities were encountered in several others. 
Clubbing of the fingers was noted in patient 
XII and paralysis of the right hemidiaphragm 
in patient X. 


Electrocardiographic Changes (table 2) 


Sinus tachycardia was observed in 4 pa- 
tients (II, III, VII, and XII) and was par- 
ticularly marked in 1 of these (III). Low 
voltage of the standard and unipolar limb 
leads was present in patients V, VI, and IX. 
Left axis deviation was found in 1 (VIIT) 


*Numbers refer to the numbers assigned to the 
12 patients in the tables. 
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TABLE 1.—Onset, Diagnosis, Duration, and Extent of Muscular Dystrophy in Patients 
Undergoing Cardiac Catheterization 


10 


I] | 10 
II] 10.5 
IV | 11 
V | 12 
VI | 14 
VII | 16 
17 
IS 
35 
36 
40 


| 


M 
M 
M 
F 

M 
M 
M 
M 
M 
M 





Age at 
onset 
(yrs.) 


Lumbar 
puncture 
and 
spinal fluid 


Negative 


Not done 
Negative 
Negative 


| Negative 


Negative 
Not done 
Not done 
Negative 
Not done 
Negative 
Negative 





X-rays 


Valgus deformity in proximal portions of both femurs. 
Increase in muscle masses in calves 

Long bones and spine normal 

Enlarged soft tissue masses in calves 

Not done 

Muscle masses increased, indicating fatty infiltration 

Muscle masses increased, indicating fatty infiltration 

Muscle masses increased, indicating fatty infiltration 

Muscle masses increased, indicating fatty infiltration 

Muscle masses increased, indicating fatty infiltration 

Not done 

Marked loss of soft tissues in upper arms and thighs 

Diffuse bone atrophy and muscle wasting 





Neurologic examination was negative in all patients. 
Muscle biopsy was performed in patients I through XI and was positive in all cases. Most important 
among these muscle changes was the tendency for scattered individual muscle fibers to be involved. 
Diseased fibers are recognizable by changes in size, staining qualities, conspicuous sarcolemmal nuclei, 
splitting of large fibers, blurring of striations, vacuolization, and, in the final stage, phagocytosis and 
necrosis. Interstitial changes include fatty infiltration and fibrosis. 
Muscular dystrophy was the childhood type in all patients except patient XI, in whom a facioscapu- 





Current statu: 


Ambulatory 


Ambulatory 
Wheel chair 
Wheel chai: 
Wheel chair 
Ambulatory 
Wheel chair 
Wheel chair 
Ambulatory 
Wheel chair 
Ambulatory 
Wheel chair 


lohumeral type was present. 


and right axis deviation in 2 others (IX and 


XIT). P 


Waves were normal in all the pa- 


tients save 1 (XII), in whom they were high 


and notched. The P-R interval was abnor- 
mal in 2 patients: 0.10 second in patient IV 
and 0.24 second in patient XI. The QRS com- 
plex was widened, 0.12 second, in patient XI; 
the pattern was that of right bundle-branch 
block. 

Eight of the 12 patients had abnormal 
QRS complexes in leads from the right side 
of the chest; 6 of them (I, III, IV, VI, VII, 
and VIIT) had tall R waves followed by a 
small or minimal 8, while 2 (II and XIT) had 
RSR’ patterns with normal QRS intervals in 
these leads. Diffuse T changes were present 
in 3 patients (V, IX and X). 


Results of Heart 

(Table 3) 

Catheterization was successfully completed 
in all patients but VI and IIT. In the former 
the catheter could not be passed into the pul- 
monary artery; patient III developed an at- 
tack of atrial flutter after the catheter was 


Right Catheterization 


manipulated to the right pulmonary artery 
wedge position and the procedure was termi- 


nated at this point after the pressures were 
recorded. 

Blood Oxygen Content. Results of oxygen 
analysis of blood samples were within normal 
limits in all except patient IX in whom the 
oxygen capacity was slightly high, 23.53 vol- 
umes per cent. Oxygen saturation, however, 
was normal in this patient, 94 per cent. 

Pressure Recordings. Pressures in the 
right atrium, right ventricle, pulmonary ar- 
teries, and pulmonary capillaries were all 
within normal limits during rest and after 
mild exercise or sustained abdominal 
pression in 9 of the 12 patients. In patient 
III, who developed the attack of atrial flutter, 
mild and perhaps negligible pulmonary hy- 
pertension was recorded. 


com- 


In patient VI nor. 
mal pressure readings were obtained during 
rest but on mild exercise the diastolic pressure 
in the right ventricle reached abnormal lev- 
els (11-13.5 mm. Hg) and gradually returned 
to the initial normal values with rest. In pa- 
tient X the diastolic pressure in the right 
ventricle at rest was slightly higher than nor- 
mal, 7-8 mm. Hg, and rose to 11 mm. Hg 
with abdominal compression, but the patient 
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TABLE 2.—Roentgenographic and Electrocardiographic Findings in Twelve Patients with 


Muscular Dystrophy 


Clinical findings 
other than muscular dystrophy 


Electrocardiogra phic findings 








Slight scoliosis; a soft grade II 
systolic murmur heard in the 
pulmonic area. P, split and 
very loud 

Marked tachycardia; loud P» 


P, loud and split 

None 

Lordosis and slight scoliosis P» 
louder than A» 


Marked chest deformity 


P, louder than A» 
P» loud; P» louder than A» 


P, louder than Ag; B.P. 115/80; 
paralysis of right hemidia- 
phragm 
Heart sounds distant; Pp = Ao; 


in 1938) 





fingers; no murmurs heard 








PBI 2.7 mg.; (thyroidectomy | 


P, louder than Ao; clubbing of 





High R waves followed by small S waves in V 1,93, 
Ver, and V4r 

Sinus tachycardia; RSR pattern in V;, Vgr, and Vy; 
high R in V2 


Sinus rate 136; high markedly notched R followed by a 
small S in Vj, Var, and Vyr 

P-R interval 0.10; high R in V; (30 mm.), Vo, and V3 

Low voltage; diffuse T changes 

Tendency to low voltage in standard and unipolar limb 
leads; high R and relatively small S in V;, Vor, 
and Var 

Sinus tachycardia; a tall R wave and comparatively 
short S in V; and Vgr and Vyur 

Left axis deviation; tall R in V; and V2 

Low voltage in standard and unipolar limb leads; right 
axis deviation; T waves flat in the limb leads, slightly 
inverted in V; and V5; QT slightly prolonged 

T waves low in the limb leads and flat in Vy to V5 


PR 0.24; QRS 0.12; first degree A-V block; right bundle- 
branch block 


Sinus tachycardia; P waves notched and high in ampli- 
tude in limb leads and V, and V3; slight right axis de- 
viation; RSR pattern in V,; and Vo, Vgr, and Vyr 





No cardiac symptoms were present except in patient XI, in whom occesional palpitation and possible 


occasional ankle edema were noted. 


X-ray of chest and heart was within normal limits in all the cases. 


‘omplained of discomfort and respiratory dis- 
tress during the procedure. 

Cardiac Output and Cardiac Index. The 
‘ardiac output was higher than normal in 5 
patients (I, Il, IV, V, and VIII) and in- 
creased appreciably after exercise in the 2 pa- 
tients who were able to exercise; 4 of these 
) patients were less than 12 


years of age and 


in all of them there was a large element of ap- 
prehension and anxiety. 


Cardiae output val- 
ues were normal in 3 patients (VI, VII, and 
X) and below normal in 3 others (TX, XI, and 
XII). In 2 of the latter group the output 
rose slightly with exercise. 


DISCUSSION 
The possibility that some of these patients 
with extensive myocardial involvement would 


develop congestive heart failure were their 
activity not limited by 
been tested. 


their disability has 
In general, we found normal or 
high cardiac output values and normal dias- 
tolic right ventricular pressure readings dur- 
ing rest. The cardiae output usually rose ap- 
preciably after exercise or abdominal com- 
pression without changes in the right ventric- 
ular diastolic pressure. However, in patient 
VI who had a normal cardiac output and a 
normal right ventricular diastolic pressure 
during rest, marked tachyeardia and dysp- 
nea developed on mild exercise and the dias- 
tolie pressure in the right ventricle did rise 
to abnormal levels; the levels returned grad- 
ually to normal after a few minutes of rest. 
Also, in patient X the atrial pressures and the 


right ventricular diastolic pressures were in 
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‘upper limits of the normal range during 
st, but rose markedly on applying abdom- 
il compression. These findings support the 
ssibility that some of these patients were 
the verge of congestive heart failure but 

‘obably did not pass into manifest failure 

cause of the limited demands upon their 

rculation. The low cardiac output with nor- 
al pressures in 3 other patients in the group 
lds further support to this view. 

The electrocardiograms of the group as a 

hole showed frequent evidence of myocardial 

volvement, such as diffuse T changes, low 
iltage, atrioventricular block, right bundle- 

‘anch block, right or left axis deviation, and 

ft ventricular strain pattern. However, the 

ost striking finding was the frequent inci- 
nce of high R’s followed by a small S wave 
RSR’ pattern in leads from the right 
chest. Together with accentuation of the sec- 
oid pulmonic sound in the absence of chest 
deformity, this finding raised the question of 
right heart preponderance and pulmonary 
hypertension. However, this possibility was 
excluded by the finding of normal pressures 
i the pulmonary arteries and normal oxy- 
ven saturations on cardiac catheterization. 
We think this pattern probably represents 
some form of conduction defect. This view is 
supported by the finding that one patient who 
now has a complete right bundle-branch block 
had this pattern 1 year ago. Also, another 
of our patients who has this pattern tempor- 
arily developed complete right bundle-branch 
block during catheterization; however, this 
‘ould also happen to individuals with normal 
racings. The suggestion that this pattern 
rrobably represents some form of conduction 
lefect might be confirmed by vectoreardiog- 
‘aphy. 

We have confirmed the previously reported 
inding of unexplained tachyeardia. None of 
‘he patients had arrhythmias, other than 
sinus arrhythmia and the episode of atrial 
flutter in patient IIT during cardiac catheteri- 
zation. There was no cardiomegaly. 


SUMMARY 


Hemodynamic measurements during exer- 


cise or abdominal compression in the course 
of cardiac catheterization indicate that some 
patients with muscular dystrophy are on the 
verge of congestive heart failure. Presuma- 
bly restriction of physical activity as a conse- 
quence of skeletal muscle involvement obviates 
manifest failure. 

Previous observations have been confirmed 
that patients with muscular dystrophy may 
show electrocardiographic abnormalities, es- 
pecially high R waves (Rs or RSR’) in right 
chest leads, in addition to tachycardia and 
changes in heart sounds. 

Cardiac catheterization has eliminated the 
possibility of pulmonary hypertension or right 
heart enlargement as the cause of the electro- 
cardiographic abnormalities in the right chest 
leads. The sequence of events in 1 patient 
suggests that this pattern might well represent 
a conduction defect. 


APPENDIX 


Summary of Results and Interpretations of 

Cardiac Catheterization 

Patient I. The eatheter took a normal course to 
the usual right heart positions. Pressure record- 
ings showed no definite abnormalities. Resting 
cardiac output was above normal and increased 
with exercise. Oxygen analysis of blood samples 
showed no abnormalities. Temporary right bundle- 
branch block oceurred. 

Patient II. The catheter followed a normal 
course to the usual right heart positions. Oxygen 
analysis of blood samples and pressure recordings 
were normal at rest and after exercise. Cardiac 
output was slightly elevated at rest, and increased 
on mild exercise. 

Patient III. Control pulse rate was 140 per 
minute with sinus mechanism. After a difficult 
vein dissection, the catheter was manipulated to 
the right pulmonary artery wedge position, when 
atrial flutter with a 2:1 ratio started; the pulse 
rate was 180 per minute. No symptoms occurred. 
After carotid pressure and intravenous Cedilanid 
0.8 mg. failed to revert the flutter during a 1-hour 
period, pressures were recorded and the test was 
concluded. Mild pulmonary hypertension was 
present during the paroxysm. Five hours later 
the rhythm was sinus mechanism, 140 per minute. 

Patient IV. The catheter took a normal course 
to the usual positions. Oxygen analysis of blood 
samples and pressure recordings were all within 
normal limits. Cardiae output was mildly in- 
creased. 





















































































































































































































































































































































Patient V. The catheter followed a normal course 
to the right heart. Oxygen analyses of blood 
samples were normal. Pressure recordings showed 
a small difference in systolic pressure between the 
right ventricle and the pulmonary arteries. The 
cardiac output was slightly above the normal 
range. It was concluded that a slight trace of 
pulmonic stenosis might be present. 

Patient VI, The eatheter could not be passed 
from the right ventricle to the pulmonary artery. 
Pressure recordings were normal at rest, but on 
mild exercise tachyeardia occurred with increased 
systolic and diastolic right ventricular pressure 
readings, returning to normal after a few minutes 
of rest. Cardiac output, normal at rest, nearly 
doubled on exercise. 

Patient VII. Pressure recordings at rest and 
after abdominal compression and analyses of blood 
samples for oxygen were normal. 

Patient VIIT, Oxygen analyses of blood samples 
and pressures were normal. Cardiae output was 
elevated but there was moderately severe anxiety 
and discomfort. 

Patient IX. Oxygen analyses of blood samples 
were within normal limits except for high oxygen 
content, reflecting an elevated hemoglobin level. 
Pressure recordings were normal at rest and with 
mild cycling exercise. Cardiae output was reduced 
slightly but increased with exercise. 

Patient X. Pressure recordings showed elevation 
of right ventricular diastolic pressure with ab- 
dominal compression; however, there was consid- 
erable discomfort and respiratory effort at the 
time the cardiac output was approximately normal. 
Oxygen analyses of blood samples were not 
remarkable. 

Patient XI, Oxygen analysis of blood samples 
was approximately normal. Pressure recordings 
were normal. Cardiac output was slightly reduced 
at rest but almost doubled on exercise. 

Patient XII. Pressure recordings were within 
normal limits. 
slightly low. 


Cardiac index may have been 


SUMMARIO IN: INTERLINGUA 

Mesurationes hemodynamic durante exer- 
citio © compression abdominal in le curso de 
catheterisation cardiae indica que certe pa- 
tientes con dystrophia muscular se trova al 
limine de congestive disfallimento cardiac. I] 
es a supponer que le restriction del activitate 
physic, como consequentia del affection del 
musculos skeletic, preveni un disfallimento 
manifeste. 

Esseva confirmate le observationes previe- 
mente facite que patientes con dystrophia 
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muscular exhibi a vices anormalitates eleetro- 

cardiographic, specialmente alte undas R (1:s 

o RSR’) in derivationes dextro-thoracic, 4 

parte le presentia de tachycardia e altera 

ones del sonos cardiae. 

Catheterisation cardiac ha eliminate le px 
sibilitate de reguardar hypertension pulm 
nar o allargamento dextero-cardiac como 
causa del anormalitates electrocardiograph 
in le derivationes dextero-thoracic. Le seque: 
tia del eventos in un del patientes suggei : 
que le configuration in question represent 
con alte grados de probabilitate un defec! 
de conduction. 
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Studies Made by Simulating Systole at Necropsy 


XI. On the Higher Dynamic Functions of the Heart, and 


their Reflections in the Pulse Wave 
By Isaac Starr, M.D. 


The background of basic conceptions underlying this paper is familiar to everyone by 
experience. The powerful autemobile, when the light turns from red to green, can 
make a “jack-rabbit start” which leaves the less powerful cars far behind. If the engine 
of the big car is weakened, as by a cylinder gone dead, it can still do 50 miles per hour 
on the parkway and get you to your destination, but the jack-rabbit start is no longer 
possible. The first sign of weakness manifests itself more conspicuously in differences 
in acceleration than in differences in speed or in the distance that can be traveled; in- 
deed the effect on acceleration may be the only manifestation of weakness. There is 
every reason to expect that this analogy would hold for the cardiac performance also 
and that the first sign of a weakening myocardium might well manifest itself by a 
change in acceleration of the ejected blood. This paper is chiefly concerned with the 
development of a simple method, available to clinicians, which would aid in the detection 


of changes in the acceleration of the aortic blood. This opportunity has also been used 
to answer certain criticisms of our previously published work, some, we believe, due to 
misunderstanding of the mathematical background of statistical procedures, and others 
due to a frank difference of opinion concerning the accuracy of the Fick method used to 
test the results secured by one of our formulas published previously. 


HAT knowledge of the stroke* volume 

alone would never permit one properly 
to define the heart’s dynamie performance 
was first borne in on me by experience, rather 
than deduced from theory. In the early days 
of our work on cadavers, when we were simu- 
lating systole by pushing in the syringe 
plunger by hand, it proved easy to produce 
an injection velocity curve that reached its 
But to simulate 
the action of a normal heart, and so obtain 


maximum late in systole. 


a normal pressure pulse, we found it necessary 
to produce an injection velocity curve reach- 
ing its maximum early in systole, and this 
often took more strength than our arms 
possessed. Thus, pairs of experiments could 
be found in which the stroke volume and the 
duration of ejection were the same, but the 
muscular effort put forth to secure this same 
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stroke volume was altogether different. Ob- 
viously, therefore, the stroke volume itself 
will not accurately define the muscular effort 
made by the heart in producing it. 

This idea has long been familiar to the 
physicists and their general description of a 
movement is as follows: 

ma’ - ba’ + cx = BF, (A) 
when «x represents the displacement, x’ the 
velocity and «’’ the acceleration of the move- 
ment, and F the force which brings about the 
movement. When this reasoning is applied 
to movement of blood into the aorta, the term 
cc corresponds to the displacement of stroke 
volume ; the term bz’, to the aspects associated 
with the velocity of flowing blood, such as 
the friction; and mz’’, to the aspects asso- 
ciated with the acceleration of this blood, that 
is, with the inertial forces. These 3 aspects 
of the movement are distinct from one an- 
other, but each is a function of time and they 
are mathematically related to one another 
through the calculus and by various constants. 
Obviously, therefore, to secure a complete 
picture of the heart’s performance we must 
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interest ourselves in the aspects having to do 
with velocity and acceleration of the ejected 
blood, aspects which I will eall the heart’s 
higher dynamie functions. 

In a previous communication! the close re- 
lation between pulse pressure and the work 
performed on the aortic blood was described. 
This relationship is a demonstration of a most 
reasonable expectation: that the maximum 
gain in potential energy in the aorta is pro- 
portional to the work done on the aortie blood. 
With this conception as background we have 
sought for other important relationships 
between various aspects of the pulse wave 
and those aspects of the cardiae functions 
that could logically be expected to correspond. 

Another type of clinical method for esti- 
mating the heart’s higher dynamic functions 
has already been widely studied.** High- 
frequency ballistocardiographs, recording dis- 
placement, give records related to the result- 
ant of the cardiac forces, represented in the 
acceleration term in the left side of equation 
(A), as do ultra-low-frequency ballistocardio- 
graphs when acceleration is recorded. Records 
from ultra-low-frequency instruments when 
velocity is recorded, and when displacement 
is recorded, have also excited interest.t| Thus 
we have a single record, the ballistocardio- 
gram, which, when integrated (or differen- 
tiated) once or twice, yields records giving 
information about different aspects of the 
heart's activity. 
much 


Work of this type has been 
facilitated by the development of 
electric circuits that will integrate or differ- 
entiate the signal given them. 

The same type of reasoning leads one to 
expect that integration or differentiation of 
the pulse record would likewise yield informa- 
tion about different aspects of cardiodynamic 
function. This could be done electrically, but 
we have preferred to commence such a study 
by means more readily available and more 
familiar to clinicians, and so we have used 
certain aspects of the pulse records usually 
secured and have explored the relationship 
between 4 of these and the 3 aspects of cardiac 
function represented by the 3 terms on the 
Jeft side of equation (A). 
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MATERIAL AND METHODS 

The technie of the cadaver experiments then 
selves has been described." Optical records « 
aortic and femoral blood pressure, secured b 
Lilly capacitance manometers, connected to sma 
catheters inserted into the artery through a needk 
were available for each simulated systole, as wer 
continuous curves of the ejections that simulate: 
cardiac function. 

Data secured in 51 or 52 simulated systoles o: 
6 subjects perfused with blood were used to stud: 
all the relationships of present interest. Thes: 
data have been published.” In addition, the rela 
tionships that proved most interesting in the cada 
vers perfused with blood were also studied in thi 
results secured in subjects perfused with water 
the data analyzed for this purpose were derived 
from the same subjects as were used in a preced 
ing study,’ except L. E. and V. S., who wer 
omitted because in these 2 early experiments the 
film had been run too slowly to permit accurate 
estimates of the slopes. After omission of these 
experiments 75 simulated systoles in 8 subjects re- 
mained, a sample in which the stroke volumes 
ranged from 8 to 71 ml., the blood pressures from 
237/119 to 61/26 mm. Hg, the pulse wave veloci- 
ties from 2.3 to 14.3 M. per second, an excellent 
diversity for statistical analysis. 

From data secured in these experiments we 
measured 3 dynamic functions analogous to those 
pertaining to the heart as follows. The stroke 
volume was measured directly from the syringe 
used to simulate systole. The work performed on 
the aortic blood had been calculated by Dr. Walter 
Feder in the manner that has been described in 
detail.’ Unfortunately, calculation of the cardiac 
forces, as the product of mass and acceleration, 
proved to be beyond us, for, although we could es- 
timate the curve of linear acceleration of the eject- 
ed blood by twice differentiating the record of 
cardiac ejection, we were unable to estimate the 
mass concerned at each instant. We could, how- 
ever, use pressure, just as pressure is used in 
the conventional estimations of the work of the 
heart found in textbooks of physiology. Indeed 
this seemed to have advantages. The contracting 
heart is concerned with applying pressure against 
the blood in contact with its walls, and whether 
the peripheral factor in this pressure is due to 
the inertia of a large mass of blood accelerated 
against slight resistance, or to the movement of a 
small mass of blood against great peripheral re- 
sistance, is somehow immaterial to the heart. 
Therefore it seemed proper to multiply the positive 
acceleration of blood at each instant by the pres- 
sure at that instant and take the integral of the 
result, a procedure analogous to the classic method 
of calculating the Newtonian work performed, 
except that one uses acceleration in place of vel- 
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PULSE PRESSURE = 
HEIGHT OF 
PULSE WAVE 


PULSE AREA = 
HEIGHT OF PULSE 
WAVE'S INTEGRAL 


INTEGRAL 


MAXIMUM 
SLOPE OF THE 
PULSE WAVE FRONT = 
HEIGHT OF THE 
PULSE WAVE'S 


DERIVATIVE 
DERIVATIVE 


lig. 1. The relation of the various aspects of the 
lse wave studied to one another. In the lowest 
gram, the maximum slope of the wave front is 
‘asured by the tangent of ©. 


ovity. However, this operation would have required 

king the second derivative of our recorded curves, 
» mathematical operation involving considerable 
loss of aceuracy, so we decided to begin with a 
sunpler attack. Pursuing the analogy with work 
further, in textbooks of physiology cardiae work is 
usually estimated approximately, without regard to 
time, as the product of the integral of velocity, in 
terms of volume per unit of time (which is the 
stroke volume) and the mean blood pressure. Simi- 
larly, the approximate estimate of our unnamed 
cardiae function is the product of the integral of 
the positive acceleration (which is the maximum 
ejection velocity) and mean blood pressure. We 
could accurately measure the maximum ejection 
velocity from our recorded curves by taking the 
tangent at the steepest point. 

In illustrations in previous papers’ these ejec- 
tion eurves have been shown calibrated in terms 
of eubie centimeters, but they ean be as easily 
calibrated in terms of linear velocity. The relation 
etween these 2 calibrations is determined by the 
cross-section area of the glass tubing through 
hich the blood is delivered to the great vessels; 
ie radius of this tubing is 1 em. in our experi- 
ents. So, for the purposes of studying corre- 
itions with the pulse curves, either type of eali- 
‘ration can be used, and we based our estimates 
n the figures, given in milliliters, used in previous 
tudies. 

Also, inspection of the simultaneous flow and 
ortie pressure curves shows that the pressure 
veak occurs at a time very close to that of maxi- 
num velocity of ejection. Therefore, as the rise 
‘f pressure is concurrent with the positive accelera- 
ion, it seemed proper to multiply the mean pres- 
sure, estimated roughly as 14 (systolic + diastolic 
pressure), by the integral of positive acceleration, 


SYSTOLIC 
AREA 


ADJUSTED 
SYSTOLIC 
AREA 


—_—> 
DURATION 
or EJECTION 


Fig. 2. Two areas of the pulse wave studied in 
this investigation. 


to obtain a product directly related to the approxi- 
mate value of this unnamed ecardiae function. This 
way of looking at one of the higher aspects of 
cardiac function proved to be of great interest 
because of the very high correlation between it and 
one aspect of the pulse wave. 

For comparison with these 3 aspects of dynamic 
cardiac function we measured 4 aspects of the 
femoral pulse wave, which are shown in figures 1 
and 2 more clearly than they can be described. 
That the adjusted systolic area of the pulse” 
would be of unusual interest had been suggested 
by a previous study.” The areas under the pulse 
curves were measured by a K&E Compensating 
Polar Planimeter, the average of at least 4 esti- 
mates being taken. 

We were then in a position to discover which 
aspect of the peripheral pulse provided the best 
measure of each of these 3 dynamic aspects of 
cardiac function. The statistical analysis that 
provided this information was performed by Dr. 
Albert Sehild. 


RESULTS AND DISCUSSION 
General Relations 
In tables 1, 2, and 3 the relations between 
3 aspects of cardiae function and 4 aspects 
of the pulse wave can be compared. Of the 
cardiac functions, stroke volume is most 


closely related to the pulse area, especially 
to the adjusted area; stroke work to the pulse 
pressure; and the product of mean pressure 
and the integral of acceleration has an un- 
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TABLE 1.—Correlations between Stroke Volume and 
Four Aspects of the Peripheral Pulse Wave—Data 
from Subjects Perfused with Blood (N = 52) 







Correlation 
coefficient 





Pulse wave aspect 


Adjusted systolic area 


1 0.61 
2 | Systolic area 0.54 
3 | Pulse pressure 0.40 
4 | Maximum slope of wave front 0.44 


Level of significance *! for p=0.05 | 0.27 


usually strong correlation with both pulse 
pressure and the maximum slope of the pulse 
wave’s front. In the data from subjects per- 
fused with water the correlation between the 
product of pressure and acceleration and the 
maximum slope of the pulse wave’s front is 
clearly better than that with pulse pressure 
(table 4). One also notes that correlations 
between the aspects of the pulse studied and 
stroke volume are considerably poorer than 
those between the same aspects and the higher 
cardiac functions. The pulse, as the clinician 
knows it, is much more closely related to the 
higher cardiac functions than to stroke 
volume. 


Relations Between the Pulse and the Acceler- 
ation Function 


The product of mean aortic pressure and 
the maximum velocity of cardiac ejection 
correlates extremely well with the maximum 
slope of the peripheral pulse wave front in 
cadavers perfused with blood. The dot dia- 
gram is shown as figure 3 and the regression 
equation is given in table 4. The same relation 
in data from cadavers perfused with water 
is also given in table 4. The latter correlation 
is not so good as the former; nevertheless the 
relation is still a highly significant one. And 
it should be emphasized that this relation 
holds despite great differences in the size, 
elasticity, and tortuosity of the aortas of our 
subjects. Obviously, from knowledge of the 
steepness of the pulse wave front and of the 
blood pressure, one could make a reasonably 
good estimate of the acceleration component 
of eardiae function. This finding is in accord 
with the conception of the acceleration tran- 
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TABLE 2,—Correlations between the ‘‘ Left Ventri: 

lar Work’’ Performed on the Aortic Blood and Fo 

Aspects of the Peripheral Pulse Wave—Data fri 
Subjects Perfused with Blood (N = 51) 





Correlatio 


Pulse wave aspect coefficient 


Adjusted systolic area 0.75 
Systolic area 0.78 
Pulse pressure 0.86 
Maximum slope of wave front 0.82 





sient of the pulse as set forth by Peterson.® 

However, it must be emphasized that th: 
direct quantitative relation between the maxi 
mum slope of the peripheral pulse and thx 
maximum velocity of the aortic blood is poor. 
The addition of another factor, the height of 
the mean blood pressure in the example just 
given, is necessary before the relation becomes 
a good one. Accordingly, we sought other 
‘‘additional factors’’ that might have a simi- 
lar beneficial effect. Substituting pulse wave 
velocity for mean pressure gave highly sig- 
nificant correlations (table 5), but substi- 
tuting stroke volume or body weight gave dot 
diagrams showing so much scatter that no eal- 
culations were made. Apparently factors re- 
lated to aortic elasticity are much more effec- 
tive in improving the relationship than those 
related to the mass ejected. Since blood is 
pushed on ahead of the mass ejected, the lat. 
ter bears no close relation to the mass moved 
at any instant, and so it cannot be properly 
used to ealeulate force or work. 


Suggestions for Improving Estimates of Car- 

diac Output from the Pulse 

A second logical deduction. from dur find- 
ings implies a constructive criticism of the 
large group of cardiac output methods based 
on the pulse pressure, among them certain of 
my own.'!® Undoubtedly it is the ease of 
making the measurement that has led to the 
almost universal use of the pulse pressure as 
a starting place for methods of estimating 
cardiae stroke volume from the pulse. But 
since pulse pressure is directly related to work 
rather than to output,! and since work and 
output are primarily related through the cal- 
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BLE 3.—Correlations between the Product of Mavxi- 

m Ejection Velocity and Mean Central Blood 

ssure and Four Aspects of the Peripheral Pulse 

Wave—Data from Subjects Perfused with Blood 
(N = 68) 


Correlation 


Pulse wave aspect coefficient 


\justed systolic area 

stolic area 

ilse pressure 

aximum slope of wave front 





ilus, one should expect that the relationship 

‘tween stroke volume and pulse pressure 
ould likewise be best expressed through the 
calculus. Henee the suggestion is plain that 
the starting point for a simple arithmetical 
estimation of stroke volume should be, not the 
pulse pressure, but some integral of the pulse 
wave, such as the area under it. Aside from 
this mathematical reasoning, reflection shows 
at onee that this is an idea well worth explor- 
ing, for one defect in all pulse pressure meth- 
ods seems obvious. The pulse pressure for 
any beat is finally determined by 2 measure- 
ments each representing the pressure at an 
instant of systole. In contrast, the area under 
ihe systolic portion of the pulse wave, extend- 
ing over the whole duration of ejection and 
so influenced by all of it, might well provide 
a much better starting point for estimates of 
stroke volume. The validity of this concep- 
‘ion could be tested in our data. 

In a previous communication we demon- 
trated the close relation between the con- 
tours of the cardiac ejection curve and an 
adjusted integral of the central aortic pulse 
ressure curve,® the area shown in figure 2. 
“he well-known change of contour of the pulse 
s it passes to the periphery affects the alti- 
ide of the wave much more than the area, so 

seemed well worthwhile to ascertain how 
ell this same area of the peripheral pulse 
orrelated with stroke volume in our experi- 
nents, and how various measurements asso- 
iated with the pressure and with the elas- 


icity of the vessels could be best employed to 
inprove the relationship. That the adjusted 
irea correlates better with stroke volume than 


does the full systolic area of the peripheral 
pulse curve is shown by the correlation co- 
efficients recorded in table 1. 

The results of the rest of this study are 
given in table 6. Use of the pulse wave veloc- 
ity, as the measure of vascular elasticity, pro- 
vides a somewhat better estimate of stroke 
volume than does the mean pressure. Taking 
the square root causes a further slight im- 
provement in the estimate; it also brings the 
regression line very close to the origin. Fig- 
ure 4 shows the dot diagram of the data se- 
cured on subjects perfused with blood; in the 
data from subjects perfused with water the 
relation is equally good. No theoretical ex- 
planation of why taking the square root 
improves the estimate has occurred to us— 
indeed the improvement is too small to be 
statistically significant—but this is the best 
simple regression for the estimation of stroke 
volume that we have found in our data and 
the fact that it works so well in both the sub- 
jeets perfused with blood and those perfused 
with water suggests that the relationship is an 
important one. 

3y comparison with regression equations 
published previously,'® one can answer the 
question whether the adjusted pulse area is 
superior to the pulse pressure as a basis for 
a stroke volume estimate. Thus equation 137 
may be compared with equation 87, as both 
are similar except for the items to be com- 
pared. When the adjusted area was em- 
ployed, the standard deviation about the re- 
gression was 9.3 ml.; for the pulse pressure it 
was 11.5 ml. Similarly, equation 139 may be 
similarly compared with equation 112, in that 
for the adjusted area the standard deviation 
about the regression was 7.7 ml., and r = 
0.85; for the pulse pressure the correspond- 
ing values were 9.7 ml. and 0.74. The im- 
provement in the seatter gained by using the 
adjusted area is considerable, and while nei- 
ther of these differences quite attains signifi- 
cance for p = 0.05, the odds against the im- 
provement being due to chance exceed 8 to 1 
in each instance. 

Another point of interest is that pulse wave 
velocity, which seemed of minor importance 
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TABLE 4.—Regression Equations Relating One of the Higher Dynamic Aspects of Cardiac 
Function, the Product (A) of Mean Aortic Blood Pressure (mm. Hg) and Maximum Ejection 
velocity (ml. per sec.), with the Maximum Slope of the Peripheral Pulse Wave Front (Z, 
mm. Hg per sec.), or Pulse Pressure (P.P., mm. Hg) 








a A (10-*) about 
its own mean 


Correlation 


Regression equation coefficient 


Data from subjects perfused with blood, 
N =56 
A(107 2) =63.8+0.29 Z 


Data from subjects perfused with water, 
N =76 
A(10~ 2) =161+0. 21 Z 


Data from subjects perfused with blood 
A(107 2) = —11.0+5.43 P.P. 


Data from subjects perfused with water 


A(10~ 2) =138+3.41 P.P. 





139 .64 














in estimations of stroke volume when used as 
a separate term in multiple regression equa- 


tions,!° 


when used as a divisor in simple re- 
gression equations such as 131 and 132, proves 
to have great value. This finding justifies the 
important role long assigned to the pulse pres- 
sure by physiologists interested in estimating 
stroke volume from the pulse. 


Reply to Certain Criticisms of Our Statistical 

Methods 

Discussing the statistical methods we em- 
ployed, Bridwell et al."' say : 

The use of multiple-regression equations is based 
upon several assumptions that must be satisfied for 
the results to be valid. An important requisite is 
that each independent variable be linearly related 
to the dependent variable. For example, in order 
to include age in the equation, stroke volume must 
either increase or decrease linearly as age increases. 
Just from an empiric basis it is hard to imagine 
that a linear relation exists between stroke volume 
and age. 

It is difficult to rebut a criticism whose 
point altogether escapes one; we have been 
unable to find any support for this idea in 
recent books. Indeed, if a linear relation of 
the data were a primary requirement of re- 
gression analysis, the present wide use of re- 
gression technics to determine whether or not 
a linear relation exists, would be improper. 
Obviously there is no such requirement. Sim- 
ple regression is based on the principle of 
least squares and by this means a line ean be 


determined for any body of data such tha 
the sum of the squares of the deviations wil 
be a minimum; multiple regression is base: 
on an extension of this principle. 

Perhaps confusion has been caused by th: 
use of the superlative adjective ‘‘best’’ in th 
The mathematical facts 
are as follows. If a dot diagram shows that 


term ‘‘best line.’ 


the data to be analyzed are distributed about 
a curve, the least-squares principle will in 
deed determine the best straight line for that 
particular body of data; but a line with a 
smaller scatter of the data around it—a bet 


‘ 


ter ‘‘best’’ line—could perhaps be secured by 
taking some power or root of one of the co- 
ordinates to straighten the curvature before 
the regression was calculaied. And by such 
treatment a better method of estimating one 
variable from the other might be found. We 
have so treated our data whenever inspection 
of our dot diagrams suggested that the scatter 
would be improved by such treatment. Aside 
from this suggestion, the authors’ idea that 
a linear relation between stroke volume and 
age is an ‘‘important requisite’’ to our analy- 
sis has no basis that we can discover. 

A second criticism of our statistical pro- 
cedures is that the variables on the right side 
of our equations containing both pulse pres- 
sure and diastolic pressure, are not independ- 
ent of one another.'' The authors’ state- 
ment!! that all the items in a multiple regres- 
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lig. 3. Dot diagrams showing relations between 
pulse wave front and one of the heart’s higher dy- 
namie functions, related to the integral of the posi- 
tive aeceleration of the blood. The data secured on 
the various subjects are represented as follows: for 
M.l.., squares; H.Z., triangles; P.L., circles; R.R., 
dots; J.W., crosses; M.M., x’s. The solid line ecorre- 
sponds to regression equation 131 (table 4). 


sion equation must be mathematically inde- 
pendent of one another is correct, but they 
fail to realize that this is true of our equa- 
ms. Diastolic pressure and pulse pressure 
iy be used as independent variables in a re- 
rression equation; one cannot be estimated 
om the other, and this is the mathematical 
st of independence. 
[t is certainly true, as our critics state,!! 
it an error in the estimation of diastolic 
essure would have a double effect on our re- 
lts, as this error would alter both pulse 
essure and diastolic pressure values. All 
‘ors are regrettable and when the effect of 
e appears twice this is doubly regrettable. 
it to have an error appear twice is no more 
rious than to have 2 independent errors each 
‘pear once; it simply contributes to the sum 
the errors. Again, in our attempt to under- 
ind the authors’ great concern at the double 
pearance of single errors in our work, we 
n only suspect them of another misunder- 


al 
| | | | 70 
STROKE VOLUME CC 


Fig. 4. Dot diagram indicating a close relation be- 
tween stroke volume and the square root of the ad- 
justed pulse area divided by pulse wave velocity. 
Symbols as in figure 3. The solid line corresponds 
to regression equation 140 (table 6). 


standing of statistical mathematics. When 
the same errors of technic have a similar ef- 
fect on the data appearing in both sides of a 
regression equation, this produces the serious 
difficulty known as spurious correlation. There 
is no error of this kind in our regression 
equations. 

Before leaving the statistical aspects of the 
subject, I must point out that the authors 
give a value for the standard deviation about 
the regression of the data shown in their fig- 
ure 1!! which is larger than the correspond- 
ing deviation about the line of perfect agree- 
ment shown in that figure. This is a mathe- 
matical impossibility ; there is an error in their 
estimate. 


On the Use of the Fick Method as the Final 
Standard for Cardiac Output Estimates 
The second part of the criticism of Brid- 

well et al.!! concerns the error of our method. 

The results they secured by using our formu- 

la no. 59,18 compared with Fick estimates, in- 

dicate to them that our method has ‘‘an error 
of 24 ml., rather than one of 5.9 ml.,’’ the lat- 
ter figure being the standard deviation about 
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TABLE 5.—Other Regression Equations Exhibiting 
Strong Relationships Between the Marimum Velocity 
of the Cardiac Ejection Curve, the Integral of the 
Positive Accelerations (V, ml. per sec.), the Maximum 
Slope of the Peripheral Pulse Wave Front (Z, mm. 
Hg per sec.) and the Pulse Wave Velocity (P.W.V. 
in meters per sec.)—Data from Subjects Perfused 
with Blood (N = 42) 


Standard Corre- 
deviations | Jation 
about the | 
regression | 
mil. per sec. 


Equation coeffi- 


erent 


| 9 84 


136) V 


—104+3.16 53 


| 

| 

| 

PWV | | 
| 


0.87 


Standard deviation of V around their own mean = 109. 


the regression found in our cadaver experi- 
ments. The point we wish to make is that 24 
ml. is the average difference between the 2 sets 
of results, and this difference is attributed, 
in toto, to errors in our method. Obviously, 
therefore, Bridwell et al.!! regard results se- 
cured by the Fick method as free of all error. 
We do not share this opinion, and a discus- 
sion of the errors to which the Fick method 
is subject will not only give the reason for 
this belief, but also serve to answer the ques- 
tion why, in this laboratory, we have not been 
content to rely on the Fick method as a test 
of the accuracy of other methods but have 
sought, in cadaver experiments, more accurate 
means. 

Certain errors inherent in the Fick method 
have already been discussed!” and I shall con- 
fine myself here to bringing the matter up to 
date. These errors are best considered as 
falling into 5 groups: (1) the errors of blood 
sampling due to lack of mixing in the vessels, 
and the technical errors of blood gas analy- 
sis, (2) those inherent in estimating the meta- 
bolic rate (how large these may be is within 
the experience of most clinicians), (3) those 
due to faulty time relations between the sam- 
ples, (4) those due to the metabolism in the 
lungs, and (5) the changes in the circulation 
itself, induced by the anxieties and discom- 
forts of the procedure or to the sedatives so 
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often used to diminish these rigors, or to t!e 
fluid injected to keep the catheter open. T \e 
errors of the fifth group do not concern us in 
this discussion. It has always been very di j- 
cult to give a value to these numerous sour °s 
of error ; when studied individually any one sf 
them may at times appear small, but it is the ir 
sum that concerns us. 

The errors of the third group, recent 
pointed out by Visscher and Johnson" a 
discussed by Stow,’ are the probable cai 
of the difficulties encountered in early stud 
of the effects of breathing gas mixtures low 
oxygen’ in which Fick estimates indicated 
diminished stroke volume, a change in the 1 
verse direction from that supported by oth 


16 


evidence. This conelusion was later wit 


drawn. New data on the metabolism of t 
lungs in situ, secured in fetal lambs by Day 
et al.,!" indicate an oxygen consumption th 
averaged 7.9 per cent of the total metabolis) 
the standard deviation, = 4.7 per cent suze 
gesting a range up to 17 per cent of total oxy- 
gen consumption. Also, Bostroem and Loeh- 
ner,'® perfusing one lobe of a dog’s lung, fitd 
only a small metabolism under many cireuni 
stances but, under certain conditions, between 
10 and 30 per cent of the total metabolism took 
place in the lungs. Any consumption of oxy- 
gen occurring in the lungs induces an error 
in the Fick estimate of a like amount. 
saxter et al.!® compared Fick estimates witli 
those secured by a flow meter of the Pitot 
type placed in the pulmonary artery of cats. 
This flow meter had an error of 6 per cent or 
less when calibrated by a pulsating stream. 
But in 31 comparisons in 11 cats the differ 
ences between Fick and Pitot estimates ave! 
aged 32 per cent of the Fick value and ex 
ceeded 100 per cent in 3 comparisons and + 
per cent in 3 others. Such results make on 
recall the long-known difficulty that the Fic! 
principle, when applied simultaneously wit! 
2 gases by analyzing the same samples for bot! 
oxygen and carbon dioxide, so often gives val 
ues for cardiac output that fail to agree, some 
times by a large amount. The practice of ig 
noring the values obtained by carbon dioxid 
and accepting without question those secured 
by oxygen has no experimental justification 
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BLE 6.—Estimates of Stroke Volume (S.V. ml.) 

ym the Adjusted Systolic Area of the Femoral 

lse (A.S.A. mm. Hg sec.); and either the Mean 

moral Blood Pressure [M.P. = % (Systolic + 

astolie Pressure) mm. Hg] or the Pulse Wave 
Velocity (P.W.V. M. per sec.) 


Correla- 
. 7 tion 
Regression equation coeffi- 


cient 


From data of subjects per- 
fused with blood, N =52 
A.S.A. 
S.V. =22+350 
M.P. 


S.V.= —2.7+190 


A. 
S.V.=18.6+30— 
PW... 





/A.S.A. 
—5.4455] / 
P.W.V. 


Standard deviations of S.V. 
about their own mean= 
14.7 ml. 


From data of subjects  per- 
fused with water, N =72 


A.S.A. 
S.V. =20.6+25 
rw. 


/A.S.A. 
S.V.=—0.9+48]/ - 
P.W.N. 


| 

| Standard deviations of S.V. | 

| : 

about their own mean= 
14.1 ml. 














that I can find, and one has the right to sus- 
pect that such differences of result may be due 
to errors inherent in the principle or its ap- 
plication, such as those mentioned above. 
Obviously the newer work provides no sup- 
port for the thesis that the Fick method is 
consistently free of error and a suitable ab- 
solute standard by which all other methods 
should be judged. Nevertheless, in a paper 


by Reubi and Schmid,?° and in another by 
Brotmacher,** the thought that there might 
be an error in Fick estimates apparently 
never occurred to the authors, for they neither 
mention it, nor make any effort to determine 
its size in their results, nor hesitate to assign 
every difference to errors in the methods they 
are comparing with the Fick. Therefore we 
regard the data given by these authors not as 
indicating the difference between a_ perfect 
method and a very poor one, but simply as 
showing the relations to be expected between 
2 rough methods. We have always insisted 
that our method was a rough one and we 
have no expectation that in practice the error 
will be represented by a standard deviation 
as small as 5.9 ml., which was the minimum 
value for a particular body of selected data. 
In the same paper, testing our method against 
data other than that from which the regres- 
sion equation no. 59 was derived, we got 
larger standard deviations, 7.6 ml. and 10 ml., 
as was to be expected. Despite this scatter, 
the method seems accurate enough to permit 
the first quantitative step, that of dividing 
the field into 3 groups, the normal, above 
normal, and below normal. When dealing 
with changes in individuals one could ex- 
pect to do better than this.° And surely our 
goal should be a method that is simple, easy, 
and inexpensive to apply and that causes nei- 
ther discomfort nor hazard to the subject. 

But, while cardiac output methods are of 
great importance and efforts to simplify and 
improve them should certainly continue, it is 
becoming increasingly obvious that no method 
of estimating cardiac output can, by itself, de- 
termine the strength or weakness of the car- 
diae contraction. To accomplish this aim one 
must have knowledge of the higher cardiac 
dynamie functions. 


On the Limitations of Pulse Wave Methods 
for Detecting Cardiac Function 


Though largely self-evident, for the sake 
of completeness, certain inherent difficulties 
with peripheral pulse wave methods should be 
discussed. 

As the lumen of a vessel becomes more and 
more obstructed, the information to be ob- 
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tained by pressure records secured beyond the 
obstruction will deviate increasingly from the 
relations demonstrated in this paper. On the 
other hand our data were obtained from rec- 
cords secured from the femoral arteries of 
subjects showing great differences in the 
amount of arteriosclerosis present in their 
aortas, and also great differences in elasticity, 
size, and tortuosity of their vessels, and such 
differences did not prevent close relationships 
between pulse and cardiae funetion from 
manifesting themselves. Doubtless part of the 
scatter we found is due to such differences of 
the vessel walls, but the effect in our cadaver 
subjects was small and it is a proper expec- 
tation that this will be true of most data se- 
cured in the clinie also. 

It is also self-evident that an abnormal nar- 
rowing of the aortic orifice would require more 
effort by the heart to produce a normal pulse 
in the aorta, and if such an abnormality was 
present, allowance should be made for it in 
any estimate of cardiac function from the 
pulse. Also, pulse methods give no informa- 
tion about the energy expended by the heart 
when the aortie valve is closed, or of that lost 
within the heart's walls. 

The final point is concerned with a more 
complex problem. The internal area over 
which pressure is raised is a factor in the 
amount of energy required to raise it. So an 
abnormally enlarged ventricle is subject to 
a greater stress than a ventricle of normal 
size to produce a normal pulse in the aorta. 
Since clinicians can ascertain, in a rough way, 
the size of the ventricles of their patients, some 
allowance might be made for this factor when 
one attempts to assess the strength or weak- 
ness of an enlarged heart from observations 
made on the peripheral pulse. 


SUMMARY 


A theory, based on well-known physical 
principles, is developed ; it indicates that full 
description of the heart’s dynamic activity, 
and so of its strength or weakness, requires 
knowledge of aspects related to the velocity 
and acceleration of the ejected blood, in ad- 
dition to the stroke volume. 
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In data secured from simulating systole ji 
cadavers different aspects of the periphera 
pulse wave best reflect these different aspect 
of the heart’s dynamic performance; thus th 
area under the pulse wave—especially wha 
we have called the adjusted systolic area—i 
most closely related to the stroke volume ; th: 
altitude of the pulse wave—the pulse pressur: 
—to the work performed, a function relate 
to the velocity of the ejected blood ; the maxi 
mum slope of the pulse wave front, to th 
product of the acceleration of the ejecte 
blood and the mean pressure. 

The direct relationships between the volume 
velocity, and acceleration of the ejected blood 
and the corresponding aspects of the puls: 
are very poor. They become good relation 
ships only when another factor, such as th 
mean blood pressure or the pulse wave veloc 
ity, is taken into account. 

The maximum steepness of the pulse wave’s 
front and the mean peripheral blood pressure 
provide a clinical method of obtaining infor- 
mation concerning those higher cardiae dy- 
namic functions related to acceleration of the 
blood, which should serve as an important in- 
dicator of the strength or weakness of the 
heart’s contraction. 

This study has also led to several sugges- 
tions for improving the estimation of stroke 
volume from the peripheral pulse. 

Opportunity is taken to answer certain 
criticisms concerned both with our statistical 
procedures and with the accuracy of certain 
stroke volume methods published previously. 
The limitations inherent in all pulse wave 
methods of assessing cardiac function are dis- 
cussed. 
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SuUMMARIO IN INTERLINGUA 
Super le base de ben-cognoscite principios 
physic, un theoria es disveloppate que indica 
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Ss’ UDIES MADE BY SIMULATING SYSTOLE 


‘ le description complete del activitate dy- 
mic del corde—e ergo de su fortia o debili- 
e—require informationes relative al veloci- 
e e al acceleration del sanguine e non sol- 
ute al volumine per pulso. 


Inter le observationes facite per simular 
stoles in cadaveres, differente aspectos del 
ripheri¢ unda del pulso reflecte le melio 
e differente aspectos del performance dy- 


mie del corde. Assi le area sub le unda del 
ilso—specialmente lo que nos ha designate 
mo le adjustate area systolic—es relationate 

plus intimemente al volumine per pulso. 

‘ altor del unda del pulso—le pression del 
ilso—es similemente relationate al labor ef- 
ctuate, que es un function relationate al 

locitate del ejection de sanguine. Final- 
ente, le declino maximal del fronte del unda 

del pulso es relationate al producto del ac- 
ccleration del ejection del sanguine e del pres- 
sion medie. 

Le relationes directe inter le volumine, le 
velocitate, e le acceleration del ejection de 
sanguine e le correspondente aspectos del pul- 
so es multo imperfecte. Illos deveni bon re- 
lationes solmente si un factor additional—per 
exemplo le pression medie de sanguine o le 
velocitate del unda del pulso—es prendite in 
consideration. 

Le arduitate maximal del fronte del unda 
del pulso e le peripherie pression medie del 
sanguine provide un methodo clinic pro ob- 
‘ener informationes relative a ille functiones 
dynamic superior del corde in relation al ac- 
cleration del sanguine, le quales deberea ser- 

ir como indicator importante del fortia o del 
ebilitate in le contraction del corde. 

Le studio ha etiam resultate in plure sug- 
estiones pro le melioration del estimation del 
olumine per pulso super le base del pulso 
eripherie. 

Nos usa le opportunitate pro responder a 
erte eriticas dirigite contra nostre metho- 
ologia statistic e contra le accuratia de certe 
‘reviemente publicate methodos a volumine 
er pulso. Le limitationes que characterisa 
mne methodos basate super le volumine per 
tulso pro evalutar le function cardiac es dis- 
‘utite. 


AT NECROPSY 
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Because I see many men doubtful in the Circulation, and some men oppose such things 
which understand them not aright, as I intended them, I shall briefly rehearse out of my 
Book of the motion of the heart and blood, what I did there intend. The blood which is 
contain’d in the veins (as in its own hold) where it is most abundant (to wit, in the 
vena cava) near to the Basis of the heart and the right ear, growing hot by little and 
little by its own internal heat, and made thin, it swells and rises (like leaven) whence 
the ear being first dilated, and afterwards contracting it self by its pulsifick faculty, 
streightways drives it out into the right ventricle of the heart, which being fill’d in its 
Systole, and consequently freeing it self from that blood which is driven into it (the 
three-pointed portals refusing passage to it) it drives the same blood into the vena 
arteriosa (where the passage is open) by which it does distend it. Now the blood in the 
arterious vessel being not able to return against the Sigmoidal portals, but because the 
lungs are extended, amplified, and restricted both by inspiration and expiration, and 
likewise their vessels, they give passage to this blood into the arteria venosa: of which the 
left ear keeping together equal motion, time and order, with the right ear, and perform- 
ing its function, sends the same blood into the left ventricle, as the right sent into the 
right, whence the left ventricle together, and at the same time with the right (since it ean 
gain no regress, by reason of the portals which hinder its return) drives it into the 
capaciousnesse of the aorta, and consequently into all the branches of the arterie; the 
arteries being filled with this sudden pulse, being not able so suddenly to disburthen 
themselves, are distended, suffer an impulsion and Diastole—Wut.tuiam Harvey. De 
Circulatione Sanguinis, 1649. 
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Systolic Murmurs 


By Auprey LEATHAM, M.B. (Cams), F.R.C.P. 


MPROVEMENT in the technic of investi- 
gation and observation of patients over 
ng periods of time led to the view that a 
stolic murmur is significant if it is at least 
dderately loud, relatively constant, and not 
iduly influenced by respiration. Such a 
urmur may be benign but cannot be dis- 
issed as of no consequence even when simply 
-iused by increased blood flow. On the other 
ind, the severity of a valve lesion cannot be 
aluated by the murmur alone, but by all 
lie symptoms and signs. 
The intensity of a systolie murmur has been 
lield to be the most helpful measure of its 
significance and the use of Freeman and 
.evine’s' 6 grades has been of great service. 
\ note of the intensity should never be 
omitted, but may be deceptive in judging the 
significance of a murmur. Again, systolic 
murmurs are generally classified according to 
their site of maximal intensity; while this 
may give limited information, it may also be 
misleading. An aortic murmur, for example, 
may be equally loud at the pulmonary aortic, 
ind mitral areas; and many murmurs, espe- 
‘ially in children and infants, are difficult to 
localize. <A elassification based on function 
rather than on geography should lead to 
learer thinking and should prevent the mis- 
ake of diagnosing significant valve disease on 
he basis of a murmur alone. The graphic 
egistration of heart sounds and murmurs by 
he phonocardiograph displays their timing in 
elation to each other. The simultaneous re- 
ording of phonocardiograms from different 
reas together with a pressure pulse (direct 
indirect) gives even more precise informa- 
ion of the relation between heart sounds and 


From St. George’s Hospital, London, England. 
Based on a communication to the British Cardiac 
Society in May 1955, 


murmurs and hemodynamics and has provided 
the information on which this paper is based. 
From facts obtained by phonocardiography, 
auscultation can become more exact. 

MECHANISMS AND INTENSITY OF MURMURS 

While arguments continue about the physi- 
cal principles governing the production of 
murmurs, in practice both systolic and dias- 
tolie murmurs are related to 3 main factors: 
(a) high rates of flow through normal valves, 
(b) forward flow through a constricted or 
irregular valve or into a dilated vessel and 
(ec) backward flow through a_ regurgitant 
valve, septal defect, or patent ductus arte- 
riosus. These factors may be combined. 
Another factor that is occasionally important, 
and unpredictable, is the presence of some 
loose structure that can vibrate (e.g., ruptured 
chordae tendineae). While the intensity of a 
murmur is sometimes proportional to the 
degree of hemodynamic disturbance that 
causes it, this is not always so, as shown by 
the loudness of the systolic murmur in a small 
and unimportant ventricular septal defect. 
The loud murmur in this instance is attrib- 
uted to the high velocity of the jet. Converse- 
ly, no murmur may be produced by a large 
flow at low velocity (e.g., through an atrial 
septal defect). The importance of the com- 
bination of factors such as volume of flow and 
degree of stenosis is manifest in Fallot’s 
tetralogy where the diversion of blood into 
the aorta diminishes the flow through the 
pulmonary valve so that the murmur is less 
loud than in pure pulmonary stenosis offering 
the same degree of obstruction to pulmonary 
flow. 

PATTERN OF SysToLic MURMURS 

Registration of murmurs by the phono- 
cardiogram with much attenuation of the low 
frequencies so that the graph resembles the 
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Fic. 1 Top. Aortie stenosis (with slight regurgi- 
tation). High-frequency phonocardiogram (HF), 
resembling the findings of auscultation, taken simul- 
taneously from the aortic (44) and mitral (MA) 
areas. The midsystoliec ejection murmur (SM) fin- 
ishes before the second sound and is of similar shape 
in both areas. There is a soft early diastolie mur- 
mur (EDM). The time intervals in this and subse- 
quent records are 0.20 and 0.04 second. (Published 
through courtesy of the British Medical Bulletin.) 

Fic. 2 Bottom. Aortie regurgitation. The ejec- 
tion systolic murmur, probably mainly due to in- 
creased stroke output, is shown at the aortic area, 
third left space (3 LS), and mitral area, and is of 


similar shape to the murmur of aortie stenosis. 


findings of auscultation (high frequency or 
logarithmic phonocardiogram) gives a visual 
record of what is heard through the stetho- 
scope. A murmur may be soft at the start 
rising to a crescendo in midsystole and then 
gradually diminishing in intensity. It is dis- 
played on the phonocardiogram as_ small 
vibrations increasing in amplitude to a 
crescendo of large vibrations and then gradu- 
ally diminishing in intensity (fig. 1). This 
may be described as the pattern of the mur- 
mur and is found to be related to the ana- 
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tomie or hemodynamie disturbance. In 1 hea t 
cycle in a particular case, varying velociti s 
of blood flow are responsible for changes 
intensity (and therefore the pattern) of tl» 
murmur providing that the anatomy remai) s 
constant. The blood velocity varies with tl > 
difference of pressure between 2 points, an | 
the murmur ean thus be related to the chan: 
es of pressure in the cardiac chambers an 
great vessels. Changes in pressure are sit 
naled by the first and second heart sounds, s 
that a classification of murmurs is possible b 
noting their timing and shape in relation t 
the heart sounds. This technic has to be base: 
on the phonoeardiogram, but clinical recogn 
tion soon follows a study of these records. 

A classification of systolic murmurs on thes 
principles has been in use for 5 years an 
seems to be satisfactory.2> A. Midsystoli: 
ejection murmurs caused by the forward flov 
of blood through the aortic or pulmonar) 
valves. B. Pansystolic regurgitant murmur 
due to backflow of blood from ventricles t 
atria through incompetent valves, or, fron 
ieft ventricle or aorta to a relatively low 
pressure right ventricle or pulmonary arter) 
through a ventricular septal defect or patent 
ductus arteriosus respectively. 

All systolic murmurs may be divided into 
these 2 main types on the basis of the timing 
of the murmurs in relation to the first and 
second heart sounds, though account must be 
taken of asynchrony between the 2 ventricles 
that causes splitting of heart sounds.® This 
splitting applies particularly to the second 
heart sound. A right- or left-sided systolic 
murmur can only be related to valve closure 
on the same side. Sounds of aortie and pul- 
monary closure are identified by considering 
their site of maximum intensity, direction of 
transmission, and behavior during respiration. 
Aortic closure is normally transmitted to all 
areas and is entirely responsible for the second 
sound at the apex. Pulmonary closure is 
softer and is localized to the pulmonary area 
or nearby; it is delayed during inspiration 
and causes splitting of the second sound in 
the pulmonary area, aortic thus preceding 
pulmonary closure in normal subjects. In- 










STOLIC MURMURS 


‘ased stroke volume, stenosis, or complete 
ndle-branch block (not incomplete®), delay 
lve closure on the affected side.® 


Midsystolic Ejection Murmurs 


Kjection murmurs swell up to a crescendo 
out midsystole and invariably finish before 
e second sound. These murmurs are caused 
flow of blood through the aortie or pul- 
mary valves under the following conditions: 
Stenosis of valve or infundibulum. 2. In- 
eased rate of ejection through the valve. 
Valvular damage without stenosis. 4. Dila- 
tion of the vessel beyond the valve. 5. Com- 
inations of these factors. There is an interval 
etween the first sound and the onset of the 
iiurmur depending on the time taken by the 
ventricle to raise its pressure sufficiently to 
open the aortic or pulmonary valve (isometric 
contraction time). The flow, and consequently 
ithe murmur, begin as blood is ejected into the 
creat vessels, increase to a maximum about 
midsystole, diminish during the latter part 
of systole, and cease when the ventriele re- 
laxes before the second heart sound is pro- 
dueed by closure of the valve. There are slight 
variations in time of onset and crescendo of 
the murmur depending on the time of onset 
of ejection and its rate. Ejection into the 
vreat vessels, and therefore the onset of the 
murmur, is earlier with low aortic or pul- 
monary diastolic pressures, and later with 
high diastolic pressures. With hyperdynamic 
ventricles the rate of ejection in early systole 
s inereased, resulting in an earlier crescendo 
if the systolic murmur. With valvular or in- 
‘undibular stenosis the duration of systole of 
he affected ventricle is prolonged, and the 
‘rescendo of the murmur may appear to be 
late and may even obscure the sound of semi- 
unar closure of the unaffected side of the 
ieart. The murmur, however, always ceases 
vefore the delayed semilunar closure of the 
iffected side. The short crescendo about 
midsystole is an invariable feature of all 
ejection murmurs; both this and the silent 
interval between the end of the murmur and 
closure of the valve can be appreciated 
clinically. 
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Aortic systolic murmurs may be well trans- 
mitted to the apex and may be as loud or 
louder at the apex than at the aortic area. 
The cessation of the murmur appreciably be- 
fore the second sound (fig. 1) then distin- 
guishes it from a mitral systolic murmur 
(fig. 9). 
cedes pulmonary closure and the murmur 
ceases before the first component of the second 
sound. With severe aortic stenosis, or with 
left bundle-branch block, however, the order 


Normally aortic valve closure pre- 


of valve closure is reversed and the murmur 
may reach the earlier pulmonary closure (in 
the pulmonary area), but always stops before 
the later aortic closure. The greatest difficulty 
in recognizing the pattern of the murmur is 
experienced when aortic closure is soft or 
absent as i some cases of severe aortic 
stenosis. The murmur of aortic stenosis may 
be soft at the base if there is poor conduction 
from the heart to the chest wall as in em- 
physema (when the heart sounds will be soft 
also) and when the flow is greatly reduced 
as in severe left ventricular failure or with 
associated mitral regurgitation.‘ Otherwise 
the murmur is always obvious though it is 
frequently not intense enough to cause a thrill, 
so that a slowly rising pulse and hyper- 
trophy of the left ventricle are required to 
make the diagnosis. Neither does an obvious 
aortic ejection indicate 
stenosis, for a similar murmur is found in 


murmur always 
most patients with aortic regurgitation (fig. 2) 
and is related to the increased stroke output 
across a deformed valve, while the dilated 
aorta may be a third factor. Indeed, with 
extreme aortic regurgitation especially when 
associated with an aneurysm, the systolie mur- 
mur may be sufficiently intense to be felt as 
a thrill. 
Minimal 
stenosis or incompetence causes soft ejection 


aortic valve disease without 
systolic murmurs that may be very difficult 
to distinguish from innocent ejection mur- 
murs. Either murmur may become moder- 
ately loud with increased stroke output from 
emotion or exertion. In acute rheumatic fever 
soft ejection midsystolic murmurs are fre- 
quent but should not be attributed too readily 
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Fig. 3. Acute rheumatic aortie valvulitis. Aortic 
ejection midsystolic murmur finishing before the 
second sound at the mitral area and lower left sternal 
edge (LSE). Aortie early diastolic murmur of low 
intensity. (Published through courtesy of the British 
Medical Bulletin.) 


to acute aortic valvulitis unless an aortic 
diastolic murmur develops (fig. 3).8 

A soft or moderately loud aortic ejection 
murmur is frequently found in association 
with dilatation of the aorta from atheroma 
and hypertension and, when transmitted to 
the apex, must be distinguished from a pan- 
systolic murmur due to functional mitral 
regurgitation from left ventricular failure, 
which has a very different prognosis. In co- 
arctation of the aorta the murmur due to 
ejection of blood through the stenosed vessel 
is of the same shape as other ejection murmurs 
but may occur a little later.’ 

Pulmonary systolic murmurs have a similar 
crescendo about midsystole, sometimes a little 
earlier, and always finish before pulmonary 
valve closure. In pulmonary stenosis, whether 
valvular or infundibular, there is prolonga- 
tion of right ventricular systole and late 
closure of the pulmonary valve.* The murmur 
may pass and bury the earlier component of 
the second sound, but always finishes before 
the delayed and soft pulmonary component 
(fig. 4), which ean be heard in most cases and 
is recorded in 85 per cent.’? When severe 
pulmonary stenosis is associated with a large 
ventricular septal defect (Fallot’s tetralogy), 
much of the right ventricular blood is diverted 
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Fig. 4. Pulmonary valve stenosis (right ventricular 
systolic pressure 70 mm. Hg). The ejection systolic 
murmur drowns the aortic component of the second 
sound (4) at the pulmonary area, but ceases before 
the delayed pulmonary component (P) identified by 
its synchrony with the dicrotic notch of the pres- 
sure pulse from the pulmonary artery (PA p.). The 
aortic component is identified by the simultaneous 
tracing from the mitral area. (Published through 
courtesy of the British Heart Journal.) 


into the aorta. The diminution of pulmonary 


flow is greater, the ejection murmur is softer, 
and no pulmonary closure can be heard or 
recorded,® so that the relation of the murmur 
to valve closure cannot then be appreciated. 
The right-to-left shunt (small compared with 
most left-to-right shunts) through the large 
ventricular septal defect is probably silent.* 
In isolated pulmonary infundibular stenosis, 
Mannheimer and Jonsson!!! have suggested 
that the systolic murmur has an earlier cre- 
scendo than in valvular stenosis. 

Inereased flow into the pulmonary artery 
is a frequent cause of soft or moderately loud 
pulmonary ejection systolic murmurs. One of 
the best examples is atrial septal defect with 
left-to-right shunt (fig. 5), or anomalous pul- 
monary venous return; similar murmurs are 
heard in anemia (fig. 6), thyrotoxicosis, preg- 
naney, and with increased stroke output from 
slow heart rates as in complete heart block 
(fig. 7). The rate of ejection in early systole 
is probably increased in all these conditions 
and the crescendo of the murmur is early un- 
less there is pulmonary hypertension, which 
prolongs the isometric time of the right ven- 
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Mig. 5 Top. Atrial septal defeet (pulmonary 
flow 8, systemic 4 liters per minute, pulmonary arte- 
rial pressure 22/6 mm. Hg). Short pulmonary ejee- 
ion systolic murmur. The _ selective increase in 
ght-sided flow was probably responsible for the 
vstolie murmur, the wide splitting of the second 
ound, and the tricuspid diastolic murmur (DM). 
Published through courtesy of the British Heart 
Journal. ) 

Fic. 6 Bottom. Anemia (hemoglobin 30 per cent). 
ligh flow was probably responsible for the ejection 
vstolie murmur maximal in the pulmonary area. 
here was a venous hum at the root of the neck, per- 
aps related to the augmented venous return. 


ricle, delaying the onset of ejection and of the 
vstolie murmur. Pulmonary systolic mur- 
uurs are occasionally transmitted to the apex, 
ausing difficulty in diagnosis, especially in 
itrial septal defect when the greatly enlarged 
‘ight ventricle may oceupy the whole of the 
precordium. Differentiation of pulmonary 
systolic murmurs due to high cardiae outputs 
affecting both sides of the heart) from those 
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Fic. 7 Top. Slow ventricular rate in complete 
heart block. The increased stroke volume caused a 
moderately loud ejection systolic murmur recorded 
in all areas. 

Fig. 8 Bottom. Pulmonary hypertension (ventricu- 
lar septal defect with balanced pressures and _ resis- 
tances) with great dilatation of the pulmonary artery 
causing a loud pulmonary ejection sound and ejection 
systolic murmur. (Published through courtesy of the 
British Heart Journal.) 


due to selectively increased pulmonary flow 
from left-to-right shunts (atrial septal defect 
and anomalous venous return) may be made 
by analyzing the second sound in the pul- 
monary area. Selective increase in pulmonary 
flow prolongs right ventricular systole with- 
out altering the left, and thus delays pul- 
monary closure but not aortic; the width of 
splitting of the second sound in the pulmo- 





Fig. 9 Top. Mitral regurgitation. The pansys- 
tolie murmur obliterates the second sound at the 
mitral area but not at the pulmonary area where the 
murmur is soft. The second sound is shown at the 
mitral area by a_ low-frequency phonocardiogram 
(LF). The accentuated third sound should not be 
mistaken for the apparently missing second sound. 

Fic. 10 Bottom. Mitral regurgitation. Pansys- 
tolic murmur with late systolic crescendo obliterating 
the second sound at the mitral area. Early systolic 
vibrations are recorded. 


nary area is thus increased. When the stroke 
volume of both ventricles is increased, the 
splitting of the second sound remains normal, 
being obvious only during inspiration. 
Dilatation of the pulmonary artery from 
pulmonary hypertension may give rise to a 
soft or moderately loud ejection murmur that 
is frequently initiated by an early systolic 
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Fic. 11. Normal subject. Innocent sounds (Y 


about midsystole preceding systolic vibrations that 
are confined to late systole. Early systole is clear. 
(Published through courtesy of the British Heart 
Journal.) 


ejection sound (fig. 8).!° These murmurs start 
a little later than in the previous group be- 
cause the isometric contraction time of the 
right ventricle is prolonged. They are found 
in most patients with pulmonary hypertension 
whether primary or related to mitral valve 
disease or congenital shunts; they are less 
common in pulmonary heart disease probably 
because emphysema obscures the sounds at 
the base and the pulmonary artery is not as 
enlarged as in the other group. 

Basal ejection vibrations can be recorded in 
most normal subjects, and any slight increase 
in their intensity makes them audible; these 
are truly innocent systolic murmurs. They 
are always soft and short, finishing well be- 
fore the second sound, usually of similar in- 
tensity at the pulmonary, left sternal edge, 
and mitral areas, and often possessing a 
grunting or musical quality. They are most 
frequent in children, become louder with in- 
creased blood flow from exertion or excite- 
ment, and tend to disappear as the child 
becomes older. 


B. Pansystolic Regurgitant Murmurs 
Regurgitant systolic murmurs are always 
pansystolic on auscultation and this long- 
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4% 
Fig. 12. Ventricular septal defect of moderate size 
ith normal low pulmonary resistance and rather 


large left-to-right shunt. The murmur is pansystolie 


continuing right up to aortie closure. 


established opinion is confirmed by phono- 
cardiography (when filters are used to make 
the graph resemble what is heard by the ear). 
They are caused by flow of blood from a cham- 
her or vessel that is at a higher pressure 
throughout systole than the receiving vessel 
or chamber. In mitral or tricuspid regurgita- 
tion the ventricular pressure rapidly exceeds 
the atrial pressure and the backward flow and 
imurmur begin very soon after the first sound. 
The flow and murmur continue right up to the 
second sound because the pressure difference 
vetween the 2 chambers is still great at the 
ime of closure of the aortic and pulmonary 
valves. For example, in mitral regurgitation 
with a systemic pressure of 120/70 mm. Hg 
the aortic valve must close when the left 
ventricular pressure is just below 70 mm. Hg. 
Since the pressure in the left atrium is rela- 
tively very low, backward fiow must continue 
at this time. The persistence of a loud mitral 
murmur at the time of aortic valve closure 
tends to obscure the second sound at the apex 
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Fig. 13. Patent aes arteriosus in a child aged 4 
years with rather a large left-to-right shunt, and 
moderate elevation of pulmonary resistance. There 
is a pansystolice murmur in the pulmonary area (see 
fig. 14). The diastolic murmur (DM) is probably 
solely due to inereased flow across the mitral valve. 


(fig. 9), though both components of the see- 
ond sound are clear at the base. This helps 
to differentiate between mitral and _trans- 
mitted aortic murmurs, provided that the 
third sound of mitral regurgitation is not 
mistaken for the second sound. Difficulty may 
also be encountered in severe aortic stenosis 
when the delayed aortic component of the 
second sound is too soft to be heard clinically, 
for the aortic systolic murmur may then ap- 
pear to end with the second heart sound, 
which is really pulmonary closure alone. A 
soft mitral murmur does not bury the second 
sound at the apex and clinical recognition of 
its pansystolic shape is more difficult. A 
phonocardiogram may be necessary to decide 
whether this is a ease of early mitral regurgi- 
tation or whether normal ejection vibrations 
are a little more pronounced than usual. 
Sometimes in mitral regurgitation the mur- 
mur is maximal in late systole, and may even 
appear to be confined to late systole, but early 
systolic vibrations can always be recorded 
(fig. 10). The mechanism of this late systolic 
crescendo is not understood. These murmurs 
must be distinguished from late systolic mur- 
murs without vibrations in early systole, 
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Fic. 14. Pressure pulse recordings from the patient 
with patent ductus arteriosus whose phonocardiogram 
is shown in figure 13. <A difference in systolic but 
none in diastolic pressure is shown as the catheter 
is withdrawn through the duct from aorta to pul- 


monary artery. This suggests that the maximum ve- 


locity of flow takes place in systole, and the murmur 
would be expected to be mainly systolie. 


which appear to be entirely innocent. These 
innocent murmurs are seldom loud, tend to 
be initiated with a mid or late systolic click, 
and often vary greatly with the phase of 
respiration (fig. 11). A pericardial origin has 
been suggested for these murmurs! as for the 
clicks'* and a phonocardiogram may be neces- 
sary to demonstrate the absence of vibrations 
in early systole. 

Murmurs caused by tricuspid regurgitation 
are also pansystolic, often with an accentua- 
tion early in systole.’ Though loudest at the 
lower left sternal edge, they may be almost 
as loud at the apex when the right ventricle 
is greatly dilated, and then difficult to dis- 
tinguish from a mitral murmur. An inspi- 
ratory increase in intensity may be helpful, 
as may attention to the venous pulse. Fune- 
tional tricuspid regurgitation is common in 
cases of severe pulmonary hypertension or 
right heart failure from any cause. In atrial 
septal defect with high pulmonary vascular 
resistance and reduced left-to-right shunt the 
ejection murmur from high flow may be re- 
placed by a pansystolic murmur at the lower 
left sternal edge from tricuspid regurgitation. 

Some murmurs from congenital shunts may 
be included in the group of regurgitant mur- 
murs when flow takes place from a zone of 
high pressure on the left side of the heart 
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Fig. 15 Top. Patent ductus arteriosus with norm 
low pulmonary resistance and large left-to-rig! 
shunt. The flow and murmur are continuous, sin 
great throughout the ecardiae eyele. The aecentu 
tion of the murmur in late systole clearly distii 


the difference in pressure between the 2 vessels 


guishes it from an ejection murmur. 
fact.) 


(a is an art 


back to a zone of low pressure on the righ 
ventricular septal defect with nor 
mal pulmonary 


side. In 
vascular resistance, the left 
ventricular pressure is much higher than th: 
right throughout systole, and both the left-to 
right flow and the murmur are pansystolic 
(fig. 12). The site of maximum intensity at 
the lower left sternal edge is then the only) 
way of distinguishing this murmur from that 
of mitral regurgitation unless it waxes in late 
systole, which is diagnostic of mitral regur 
gitation. In ventricular septal defect with 
greatly increased pulmonary flow there may 
be an additional pulmonary ejection murmur, 
but this is usually hidden by the loud pansys- 
tolie murmur that overshadows it. In ven- 
tricular septal defect with high pulmonary 
vascular resistance, however, the pansystolic 
murmur is minimal or absent because the 
defect is large and the flow through it is 
small; in such cases there may be an ejection- 
sound initiating a midsystolic murmur in the 
pulmonary area from dilatation of the pulmo- 
nary artery (fig. 8).'* 

In patent ductus arteriosus (or aortopul- 
monary septal defect), as in ventricular septal 
defect, the type of murmur depends mainly 
on the size of the communication and the re- 
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1 between pulmonary and systemic re- 
uces. In the new-born infant the ductus 

be as large as the great vessels that it 

s. Cardiae catheterization shows that a 
to-right shunt through the duct is taking 

e soon after birth in normal infants,!® but 

is probably small because the thick medial 

rs of the pulmonary arteries and arterioles 

he new-born offer a high resistance to 
nonary flow;'* indeed the pulmonary re- 
nee is sufficiently high to cause reversal 
low at times.’ !® Thus, murmurs are 
illy absent at this stage, as in new-born 

bs before the duct constricts.”° If the duct 

; to close, the velocity of the left-to-right 

aut gradually increases as the pulmonary 
stance falls and the relative size of the 

t decreases. The most common early find- 

is a systolic murmur maximal in the pul- 
mouary area. Phonocardiograms show that 
this murmur is pansystolie (fig. 13) and thus 
easily differentiated from a pulmonary ejec- 
tion murmur. Catheterization in some of these 


patients shows that the difference in pressure 


between the aorta and pulmonary artery is 
greatest in systole and may be small or absent 
in diastole (fig. 14). The greater velocity of 
blood flow in systole explains why the murmur 
is confined to systole. In some cases the phono- 
cardiogram shows that the murmur spills over 
into diastole, and it is said that a very soft 
diastolic element can be heard in most.*?. With 
increasing growth and decreasing pulmonary 
resistance, the continuous left-to-right shunt 
through the duct produces the characteristic 
continuous murmur (fig. 15). In rare cases 
i) which the duct is unusually large the left- 
right shunt, though great, may be silent; 
1 case there was a midsystolic murmur that 
s attributed to increased rate of ejection 
0 the great vessels. With large ducts or 
rto-pulmonary septal defects, however, the 
Imonary resistance is usually high, either 
rsisting from birth or appearing later in 
sponse to torrential pulmonary flow. The 
unt is therefore small and often bidirec- 
mal. Since the duct is large, the velocity 
blood flow through it is slow, and a shunt 
mur is absent. There is usually an ejec- 


Fic. 16 Bottom. Patent ductus arteriosus with 
balanced pulmonary and systemic resistances and 
pressures. The shunts are small and bidirectional, 
the ductus is large and no shunt murmurs are ex- 
pected. Extreme dilatation of the pulmonary artery 
is probably responsible for the pulmonary ejection 
sound, short ejection murmur, and early diastolic 
murmur of pulmonary regurgitation. 


tion sound, a short ejection systolie murmur 
and a pulmonary diastolic murmur (fig. 16) ,!* 
all resulting from the gross dilatation of the 
pulmonary artery almost invariably found in 
these cases. 

SUMMARY 

The graphic registration of heart sounds 
and murmurs (phonocardiography ) has great- 
ly facilitated analysis of their pattern, timing, 
and relation to hemodynamics. Many of the 
principles and facts so established are being 
applied to auscultation with great benefit to 
that art. 

Systolic murmurs fall into 2 main groups, 
ejection murmurs and regurgitant murmurs, 
according to their shape and relation to the 
heart sounds. 

Ejection systolic murmurs are separated 
from the first heart sound by the isometric 
contraction time; they are crescendo-dimi- 
nuendo in pattern (diamond shaped) and 
finish appreciably before the second heart 
sound. They are due to ejection of blood from 
the left or right ventricle into the aorta or 
pulmonary artery when there is stenosis of 
the appropriate valve or outflow tract, valve 
disease without stenosis, or—without valve 
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disease—increased forward stroke flow or 


dilatation of the aorta or pulmonary artery. 


Small ejection vibrations can be reeorded in 
normal subjects and their physiologie ac- 
centuation is probably responsible for most 
systolic murmurs that prove to be innocent. 

Regurgitant systolic murmurs are pan- 
systolic for they start with the first heart 
sound and finish with the second; the volume 
of sound emitted is relatively constant 
throughout systole or increased in late systole. 
They are caused by backflow of blood through 
the mitral or tricuspid valve or by a left-to- 
right shunt of high velocity through a ven- 
tricular septal defect or patent ductus 
arteriosus. 
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SUMMARIO IN INTERLINGUA 

Le registration graphic de sonos e murmures 
cardiac per medio del technicas phonocardio- 
graphic ha grandemente facilitate le analyse 
de lor conformation, lor synchronismos, e lor 
correlation con evenimentos hemodynamice. 
Multes del principios e del factos assi establite 
es currentemente applicate multo avantageo- 
semente al arte del auscultation. 

Murmures systolic es classificabile in 2 grup- 
pos principal secundo lor conformation e lor 
relation al sonos cardiac. Iste gruppos es (1) 
le murmures de ejection e (2) le murmures de 
regurgitation. 

Murmures de ejection systolic es separate 
ab le prime sono cardiac per le tempore de 
contraction isometric. Lor conformation ref- 
lecte un crescendo-diminuendo (de apparentia 
rhomboide), e illos se termina ben ante le 
secunde sono cardiac. Illos es causate per le 
ejection de sanguine ab le sinistre 0 le dextere 
ventriculo a in le aorta o le arteria pulmonar 
quando il existe stenosis del appropriate val- 
vula o tracto de effluxo, morbo valvular sin 
stenosis, 0 (in le absentia de morbo valvular) 
augmento del fluxo de pulso in avante o dilata- 
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tion del aorta o del arteria pulmonar. Mic - 
vibrationes de ejection pote esser registrate 

subjectos normal, e lor accentuation phys 

logic es probabilemente responsabile pro 

majoritate del murmures systolic que se rev: 

como innocente. 

Murmures de regurgitation systolic es pa 
systolic, proque illos comencia con le pri 
sono cardiac e se termina con le secunde. | 
volumine del sono emittite es relativeme) 
constante a transverso le systole o se augmen 
verso le fin de illo. Iste murmures es causa 
per un retrofluxo de sanguine a transverso 
valvula mitral o le valvula tricuspide o pr 
un derivation sinistro-dextere de alte veloc 
tate a transverso un defecto del septo ve 
tricular o a transverso un patente duc 
arteriose. 


REFERENCES 
1, Freeman, A. R., anp Levine, S. A.: Clinic 
significance of systolic murmur; study «|! 
1,000 consecutive “noncardiac” cases. An 
Int. Med. 6: 1371, 1933. 

LeatHAM, A.: Phonocardiogram of aortic 
stenosis. Brit. Heart J. 13: 153, 1951. 
—: Phonocardiography. Brit. M. Bull. 8: 

333, 1952. 

BriaDEN, W., AND LEATHAM, A.: Mitral in- 
competence. Brit. Heart J. 15: 55, 1953. 

LeatHAM, A., AND Gray, I.: Auscultatory 
and phonocardiographie signs of atrial sep- 
tal defect. Brit. Heart J. 18: 193, 1956. 

—: Splitting of the first and second heart 
sounds. Lancet 2: 607, 1954. 

SHILLINGFORD, J.: 
1956. 

Woon, P.: Diseases of the Heart and Cireu 
lation. Ed. 2. London, Eyre and Spottis 
woode, 1956. 

WELLS, B. G., Rappaport, M. B., AND SpPRA 
cur, H. B.: The sounds and murmurs in 
coarctation of the aorta. A study by aus 
cultation and phonocardiography. An 
Heart J. 38: 69, 1949. 

LEATHAM, A., AND WEITZMAN, D.: Ausculta 
tory and phonoecardiographie signs of pul 
monary stenosis. Brit. Heart J. 19: 303 
1957. 

MANNHEIMER, E., AND Jonsson, B.: Hear 
sounds and murmurs in congenital pulmo 
nary stenosis with normal aortic root. Acti 
paediat. 43: Suppl. 100, 167, 1954. 

LEATHAM, A., AND VOGELPOEL, L.: Early sys 
tolic sound in dilatation of pulmonary ar 
tery. Brit. Heart J. 16: 21, 1954. 


Personal communication, 





sTOLIC MURMURS 611 


Evans, W.: Personal communication, 1955. structural changes in intrapulmonary ar- 
GALLAVARDIN, L.: Pseudo dédoublement du teries and arterioles. Arch. Path. 51: 192, 
deuxieme bruit du coeur stimulant le dé- 1951. 
doublement mitral par bruit extra-cardiaque . Evpriner, F. L., Ht LTGREN, H. N., AND W 1G 
télésystolique surajouté. Lyon méd. 121: MORE, M. E.: The physiologic closure of the 
409. 1913 ductus arteriosus in newborn infants: a 
9, 1913. bus nf : 
Me 7 F 5 yreliminary report. Science 119, 731, 1954. 
Miier, O., AND SHILLINGForRD, J.: Tricuspid I oe , ? 


e - 9, 4IND, J. AN JEGELIUS, C.: Cc 1 S ing 
incompetence. Brit. Heart J. 16: 195, 1954. 19. Linp, J., AND WEGELIUS old Sprin 


: ; Harbor Symposium. Quant. Biol. 19: 109, 
Apams, F. H., anp Linn, J.: Physiologie 1954. 


studies on the cardiovascular status of nor- 20. 

mal newborn infants with specific reference J. G.: The cardiac murmur from the patent 

to the ductus arteriosus. Proceedings of ductus arteriosus in newborn lambs. J. 

the American Heart Association, October, Physiol. 128: 344, 1955. 

1956. Paediatries 19: 431, 1957. BonHaAmM-Carter, R. E.: Personal communica- 
Crvin, W. H., AND Epwarps, J. E.: Postnatal tion, 1957. 


Dawes, G. S., Mort, J. C., AND WippfcoMBE, 
5 3 3 


Leatham, A., and Weitzman, D.: Auscultatory and Phonocardiographic Signs of Pul- 

monary Stenosis. Brit. Heart J. 19: 303 (July), 1957. 

This investigation shows that the presence or absence of the pulmonary component 
of the second sound and its delay in relation to the aortic component are of considera- 
ble help in the diagnosis of pulmonary stenosis and its degree. In mild pulmonary 
stenosis (11 cases with right ventricular pressure 15 to 40 mm. Hg, gradient 6 to 26 mm. 
Hg) the first sound is normal and followed in 0.02 to 0.06 second by a pulmonary 
clicking ejection sound and then by a short murmur best heard in expiration. The sec- 
ond sound is of normal intensity but widely split (0.03 to 0.06 second) and more so 
in expiration. In moderate and severe stenosis (33 cases with right ventricular pressure 
50 to 160 mm. Hg, and right ventricular hypertrophy clinically and electrocardiograph- 
ically) the pulmonary ejection sound was absent except in 5 with moderate stenosis. A 
loud prolonged systolic murmur was present at the pulmonie area, which frequently ex- 
tended beyond and drowned the aortic component of the second sound. In the left third 
and fourth interspace a soft pulmonic component could be heard except in severe 
stenosis. In this region an abnormally widely split second sound (0.05 to 0.14 second) 
could he detected. The time interval between these 2 components was closely related 
to the right ventricular pressure and was due to delay in closure of the pulmonary 
valve. In Fallot’s tetralogy (26 cases) the first sound was normal, rarely followed by an 
aortie ejection sound: and the second sound was single. 
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BLOOD COAGULATION AND 
THROMBOEMBOLISM 
Russek, H. I., and Zohman, B. L.: Limited Use of 

Anticoagulants in Acute Myocardial Infarction. 

J.A.M.A. 163: 922 (March 16), 1957. 

Of 1,000 “good-risk” patients having acute myo- 
cardial infaretion, the half receiving anticoagu- 
per cent) but a significantly lower incidence of 
lants had a similar ease fatality rate (3.1 vs. 3.5 
thromboembolism (0.8 vs. 3.7 per cent). The au- 
thors believe that this gain does not justify the 
bother and the danger of hemorrhage involved in 
anticoagulant therapy in this type of patient. 
Anticoagulants are advised in most of the minor- 
ity of patients with acute myocardial infarction 
falling into the “poor-risk” group and having a 
case fatality of 60 per cent and a thromboembo- 
lism incidence of 10.6 per cent. 

RoGers 


Penick, G. D., and Brinkhous, K. M.: Relative 
Stability of Plasma Antihemophilic Factor 
(AHF) under Different Conditions of Storage. 
Am. J. M. Se. 2382: 434 (Oct.), 1956. 

The AHF activity of bank blood and plasma 
shows variable stability with slow and progressive 
deterioration to levels of 30 to 60 per cent of the 
initial activity after a 3-week storage period. 
Among the factors that influence the amount of 
AHF remaining on storage are the initial plasma 
AHF level of the donor, the type of anticoagulant 
used, care in collection and storage of blood. The 
preservation of AHF is improved at lower tem- 
peratures of storage. In fresh frozen plasma about 
half the activity is lost in 1 month after which it 
tends to be stable. At 56 C., AHF is rapidly inacti- 
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vated. In lyophilized plasma, AHF is stable over 
a period of years; on reconstitution, its potenc 
is about half that of fresh plasma. Nearly normal 
levels were maintained in frozen plasmas, careful 
ly collected using citrate or cation exchange resin 
as anticoagulant. AHF is unstable in oxalated 
plasmas. For stabilization of this factor preven 
tion of the earliest clotting sequences during col 
lection appears essential. 
SHUMAN 


Sohar, E., Rosenthal, M. C., and Adlersberg, D.: 
Plasma Lipids and Coagulation of Blood. Am. 
J. Clin. Path. 27: 503 (May), 1957. 
Coagulation studies were performed on 7 con 

trol individuals, 6 patients with idiopathie hyper 

lipemia, and 5 with idiopathic hypercholesteremia. 

In addition, most of the patients were retested 

after a standard meal of fat. In none of the indi 

viduals was there an alteration of the standard 
clotting time, 3-tube silicone clotting time, stand 
ard prothrombin time, serum prothrombin activ 
ity, thrombin generation, and thromboplastin gen 
eration. Depending upon the content of triglycer 
ide, there was a distinct difference in the behavion 
of various plasmas to the action of “inecomplete’ 
thromboplastin (Stypven). Stypven prothrombi1 
time was definitely shorter in 4 of 5 healthy con 
trol subjects after the ingestion of fat. In the | 
who did not have a shorter time, the expected ris 
in serum triglycerides (neutral fat) failed t« 
occur. In the patients with idiopathie hyper- 
lipemia, Stypven prothrombin times were ab- 
normally shortened prior to the ingestion of fat, 
and were only slightly altered after the meal of 
fat. In the patients with idiopathie hypereho- 
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] steremia, the Stypven prothrombin time was 
- nilar to that observed in the control group. 
( 1emieal and electrophoretic studies revealed 
at reduction in the Stypven prothrombin time 
as correlated with an inerease in serum tri- 
veerides. Centrifugation of hyperlipemie plas- 
a into 2 fractions, fat-rich and fat-poor, also 
vealed a correlation between the content of 
it and reduction of the Stypven prothrombin 
me. No ehange in erythrocytie fragility (os- 
otie or mechanical) was observed after the in- 
‘stion of food. TIntaet platelets and disrupted 
atelets, even more so, exerted an effect similar 
» that of triglycerides in that they shortened 
ie Stypven prothrombin time. A thromboplastin 
otentiator (triglycerides) in the plasma, either 
ostprandially in normal persons or, perhaps 
ore important, constantly in hyperlipemic pa- 
ents, may result in inereased coagulability and 
irombosis when thromboplastiec material is lib- 
crated into the blood stream. 
WENDKOS 


Posey, E. L., Jr., Long, J. W., and Stephenson, 
8. L., Jr.: Acute Thrombosis of the Portal 
Vein. South. M. J. 50: 8 (Jan.), 1957. 

Acute thrombosis of the portal vein is a rela- 
tively rare and extremely serious occurrence. 
Death oceurs not from the portal vein thrombosis 
itself but, rather, from the complications arising 
from propagation of the clot, usually intestinal 
thrombosis. It seemed, therefore, that anticoagu- 
lant therapy, if begun early in the course of the 
disease, would be a logical form of management. 

A 53-year-old man developed acute upper ab- 
dominal pain with signs of toxicity, fever, nausea, 
vomiting, constipation, and confusion. There was 
laboratory evidence of hepatic, pancreatic, chole- 
cystic, and small intestinal dysfunction. Explora- 
tory laparotomy revealed a thrombosis in the por- 
al vein. Anticoagulant therapy (heparin) was 
idministered early, and the patient made a rea- 
onably good recovery. Migratory thrombophle- 
‘itis has been noted since the operation. 

WAIFE 


ELECTROCARDIOGRAPHY, 
VECTORCARDIOGRAPHY, 
BALLISTOCARDIOGRAPHY, AND 
OTHER GRAPHIC TECHNICS 


Dock, W., and Grandell, F.: The Significance of 
Large Lateral and Small Head-Foot Waves in 
the Ballistocardiogram of Ectopic Beats. Am. 
Heart J. 53: 641 (May), 1957. 
Ballistocardiographie readings of ectopic beats 

usually reveal small head-foot waves that often 

are larger than those of the normal or compensa- 
tory beats. Study of this phenomenon in patients 
with ectopic beats with atrial fibrillation and 
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with normal sinus rhythm showed that the de- 
gree of prematurity greatly influenced the bal- 
listocardiographie systolic complexes, for very 
early beats produced little ballistocardiographic 
motion while somewhat later beats occasionally 
had large lateral systolic complexes. Factors, such 
as mitral stenosis and the inspiratory phase of nor- 
mal respiration, which reduce the rate of return 
flow to the left ventricle prolonged the interval 
after a normal systole during which premature 
beats evoked small ballistocardiographie waves. 
On the other hand, aortie insufficiency and myo- 
cardial failure, which hasten early inflow, tended 
to produce short intervals in which small com- 
plexes were seen. These findings were interpreted 
as indicating that motion of blood, rather than 
motion of ventricular musele masses, is respon- 
sible for almost all the ballistocardiographie 
foree and that motion of blood at the A-V or- 
ifices contributes greatly to the genesis of the 
lateral forces recorded during ventricular systole. 
SAGALL 


Hon, E. H., and Hess, O. W.: Instrumentation of 
Fetal Electrocardiography. Science 125: 553 
(Mareh 22), 1957. 

This paper is a preliminary report on an in- 
strumental approach to fetal distress using fetal 
electroeardiography. To obtain an accurate ree- 
ord of the fetal heart rate during labor, the ma- 
ternal electrocardiogram must be removed, since 
both electroecardiograms are present as vectors 
in a volume conductor. This may be done by in- 
phase cancelling of the maternal complex in a 
differential amplifier. The early experimental 
results indicate that it is possible to mateh and 
to balance one complex against another, although 
exploration of a system for rectification, integra- 
tion, and differentiation is currently under way. 

WAIFE 


Rosen, I. L., and Gardberg, M.: The Effects of 
Nonpathologic Factors on the Electrocardio- 
gram. I. Results of Observations Under Con- 
trolled Conditions. Am. Heart J. 53: 494 
(April), 1957. 

The authors studied the effects of various non- 
pathologie factors such as exercise, ingestion of 
food, smoking, change in posture, and deep 
breathing upon the electrocardiograms of healthy 
young persons and found that QRS complex, S-T 
segment, and T-wave changes frequently oe- 
curred. Since electrocardiograms are generally 
made under uncontrolled conditions, the neces- 
sity for recognition of the effects of these non- 
pathologie factors in differentiating normal from 
abnormal electroeardiographie findings is em- 
phasized. In regard to evaluation of the exercise 
electrocardiogram the authors illustrate and 
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point out the necessity for revision of the eri- 

teria selected by previous writers for distinguish- 

ing an abnormal from a normal change. 
SAGALL 


Otero, V. G., and Pesendor, L.: Phonocardiog- 
raphy in Mitral Stenosis before and after 
Commissurotomy. Acta. Cardiol. 12: 40 (Jan.), 
1957. 

Phonoeardiographie data are presented in 5 
eases of mitral stenosis before and after mitral 
surgery. All developed a postecommissurotomy 
syndrome. Immediately after surgery, the pre- 
systolic murmur disappeared and a systolie mur- 
mur was recorded. The latter vanished again in 
the later postoperative period independently of 
the commissurotomy syndrome. A diastolic apical 
murmur and opening snap were not modified by 
surgery. Splitting of the second sound in the 
pulmonary region disappeared and accentuation 
of the apical first sound diminished but the lat- 
ter recurred after some time and in 1 patient a 
delay of its inseription was recorded in a later 
postoperative period. This and the high incidence 
of the postecommissurotomy syndrome suggest to 
the authors that in spite of a generally excellent 
status of the patient, recurrence of mitral sten- 
osis may take place in some instances. 

Pick 


Farulla A., and Russo-Caia, 8.: The Ballisto- 
cardiogram of the Isolated Heart. Cardiologia 
30: 367 (June), 1957. 

Ballistocardiograms were recorded from the 
isolated frog heart, with the help of a specially 
constructed high frequency instrument. The ree- 
ords did not differ significantly from those ob- 
tained in the entire animal, leading the authors 
to the conclusion that impulses generated by 
cardiae contraction play a fundamental role and 
perhaps are entirely responsible for the ballisto- 
cardiographie deflections, 

Pick 


De Soldati, Desbaillets, P., Schelling, J. L., and 
River, J. L.: Correlation of Ballistocardio- 
graphic and Hemodynamic Data in Some Cases 
of Congenital and Acquired Heart Disease. 
Cardiologia 30: 146 (March), 1957. 

The authors recorded by a modified Dock 
method the ballistoecardiogram in 20 patients 
with various types of congenital heart disease, 
and in 4 with mitral disease. In patients with 
increased right and left ventricular output, e. g., 
in tetralogy, in a ventricular septal defect, in a 
patent ductus and in arteriovenous aneurysm, 
the ballistocardiogram showed an augmentation 
of all deflections. In patients with increased 
right ventricular and reduced left ventricular 
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output as in atrial septal defects only the fi 
part of the curve, the I-J waves, were larg: : 
whereas the K wave was smaller than usual, 
occurs in coarctation. In the trilogy of Falk 
the H deflection had a particularly tall amplitu 
interpreted as a consequence of the increased le { 
atrial filling. No ballistocardiographie abnorma - 
ities were found in pure pulmonic stenosis, 
eases with Eisenmenger’s complex, and in E| 
stein’s disease. In eases with rheumatie valvul: 
disease the results were inconsistent. 

PIcK 


Stein, E., Engelter, A., and Graf, K.: A new A; 
paratus for Intercardiac and Intravascula: 
Pressure Measurements. Ztschr. Kreislau 
forsch. 46: 333 (April), 1957. 

The pressure gage operates on the Wheatstor 
bridge principle and has a very stiff, nickel-plate 
membrane with a resonant frequeney of 1,50 
¢.p.s. and a displacement of 3 x 10° ml. per 10 mn 
Hg. The amplifier has a built-in cathode ray seop 
that can be used for direct pressure readings. Th: 
output of the amplifier can be registered with 
multiple-channel electrocardiograph. 

LEPESCHKIN 


Schlesinger, P., and Benchimol, A. B.: Electro 
cardiographic Changes in Uremia. Arq. brasil 
de cardiol. 9: 237 (Dee.), 1956. 

In a series of 56 patients with uremia, fol 
lowed with serial electrocardiographie and blood 
chemistry studies, electroecardiographie changes 
due to hyperpotassemia have been observed in 18 
patients. In most eases multiple abnormalities 
of contour and of rhythm have been observed; in 
a few, a single change appears to be the initial 
electrocardiographie manifestation of hyperpo- 
tassemia (peaked, tall T-waves in 2 patients; pro- 
longed P-R interval in 1). A progressive widen- 
ing of the QRS interval has been noted in all 
patients. In 1 patient an electroecardiogram, ob- 
tained a few minutes before death, simulated a 
posterior subepicardial infarction. Pre-existing 
electrocardiographic changes, the association of 
other electrolyte disturbances, and intereurrent 
diseases may explain why in some patients the 
serial changes noted differ from the expected se- 
quence, also observed experimentally. The opin- 
ion is expressed that more patients would have 
presented the electrocardiographie effects of hy- 
perpotassemia if more frequent electrocardio- 
grams had been obtained in the terminal phase 
of their disease; some patients, however, were 
followed closely and did not show characteristic 
electrocardiographie changes. Notwithstanding 
these limitations and the discrepancies some- 
times observed between the electrocardiographic 
findings and the blood serum potassium level, the 
electrocardiographic study of patients in uremia 
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a’ | hyperpotassemia is advocated. The mechan- 
is | of the electrocardiographie changes and the 
atment of hyperpotassemia are briefly dis- 


‘sed. 


CALABRESI 


gger, M., Bjork, V. O., and Malmstrom, G.: 
Technique and Sequelae of Catheterization of 
the Left Side of the Heart. Am. Heart J. 53: 
91 (Jan.), 1957. 
[he technie of catheterization of the left side 
the heart by means of a needle puncture into 
left atrium and the introduction of a fine 
istie catheter down through this needle into 
e left ventricle and out into the aorta is 
seribed. The authors believe that this method 
investigation has much to offer in the ac- 
rate diagnosis and study of mitral and aortic 
ilvular disease. Since this procedure has been 
mnected with some complications, several of 
hich cannot be avoided, the authors advise its 
se only in those eases where information ob- 
‘ined will be necessary for a decision as to a 
irgieal exploration. Pain in the right chest, 
slight posteatheterization fever, extrasystoles, 
und some hemopericardium are sequelae of short 
duration commonly encountered and are not 
considered as complications. Major complica- 
tions include cardiac tamponade, ventricular 
fibrillation, cerebral embolism, pneumonia, and 
pericarditis; minor complications, include small 
pneumothorax, hemoptysis, pleural _ effusion, 
atelectasis, and hematopericardium. In 128 pa- 
tients, left heart catheterization was without 
complieations in 71. Fifty-one patients had minor 
complieations and 6 major complications. Of 39 
patients with angioecardiography through a 
needle in the left atrium, 9 had minor ecomplica- 
tions, 8 major complications, and 22 no compli- 
cations. 
SAGALL 


Lee, G. J.: Total and Peripheral Blood Flow in 
Acute Myocardial Infarction. Brit. Heart J. 
19: 117 (Jan.), 1957. 

The cardiae output by the dye method, the 
intrathoracic blood volume” and the forearm 
lood flow were measured in 11 patients with 
ypical myocardial infaretion and were remeas- 
red in 9, four to 9 weeks after recovery. The 
ugular venous pulse was increased in all and 
lropped after recovery. Neither the pulse rate 
or mean arterial pressure gave significant in- 
ormation of the severity of the illness. Cardiac 
utput was reduced during infarction and cor- 
elated well with the severity of the illness. It 
ose after recovery in 6 of the 7 patients studied. 

"he stroke volume increased in all. The fall in 

cardiac output was less than that usually seen 
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in left ventricular failure. The forearm flow was 
reduced during infarction and rose after recov- 
ery. The “intrathoracic blood volume” was 
slightly increased in infaretion and returned to 
normal after recovery. 

These changes suggest that vasoconstriction 
and so-called “shock” are a homeostatic reac- 
tion. Vasoconstrictive drugs therefore appear in- 
dicated, whereas transfusions appear inadvisable. 

SOLOFF 


ENDOCARDITIS, MYOCARDITIS, 
AND PERICARDITIS 
Dilling, N. V.: Giant Cell Myocarditis. J. Path. & 

Bact. 71: 295 (April), 1956. 

A ease report is presented describing the elin- 
ical features and autopsy findings in a young 
adult male who died suddenly from what ap- 
peared to be myocarditis. On microscopic exam- 
ination, there was a diffuse myocarditis caused 
by giant-cell infiltration between the myocardial 
fibers. A review of the literature is presented. In 
all of the previous reported 13 patients, as well 
as this one, the disease was of sudden onset and 
ran a rapidly lethal course. All patients showed 
the same pathologie changes. The etiology was 
obseure, but it was suggested that tuberculosis or 
sareoid might be the cause. There were, however, 
no other lesions found in any of the other organs. 

HARVEY 


Shumacker, H. B., Jr., and Harris, J.: Pericardi- 
ectomy for Chronic Idiopathic Pericarditis with 
Massive Effusion and Cardiac Tamponade. 
Surg., Gynee. & Obst. 103: 535 (Nov.), 1956. 
The authors described 2 patients with chronic 

idiopathie pericarditis, manifesting massive ef- 

fusion and cardiac tamponade, successfully treat- 
ed surgically. One was a 16-year-old girl and the 
other, a 53-year-old man. In both instances an ex- 
tensive pericardiectomy was performed, resulting 
in immediate clinical improvement. No postoper- 
ative complications occurred. It was concluded 
that patients with chronic idiopathic pericarditis 
with massive effusion and ecardiae tamponade 
should be treated surgically at an early date. 

ABRAMSON 


Bengtson, E., and Lundstrém, R.: Postvaccinal 

myocarditis. Cardiologia 30: 1, 1957. 

Among 66 patients hospitalized for complica- 
tions following smallpox vaccination, 2, aged 19 
and 16 years, with eezema vaccinatum, revealed 
transiently significant T-wave alterations in serial 
electrocardiograms. In one there were no clinical 
signs of myocarditis, while the other had per- 
sistent tachycardia, gallop rhythm and during 
convalescence reduced physical working capacity. 
On the assumption that these 2 cases were in- 
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stances of postvaccinal myocarditis, the authors 
discuss its possible pathogenesis, prevention, and 
treatment. 

Pick 


Hobson, F. G. and Juel-Jensen, B. E.: Teeth, 
Streptococcus Viridans, and Subacute Bacterial 
Endocarditis. Brit. M. J. 2: 1501 (Dee. 29), 
1956. 

Not one of 43 patients with subacute bacterial 
endocarditis due to Streptococcus viridans was 
edentulous. In 7 the initial attack was specifically 
related to dental extractions. Relapses occurred 
in no patient with dental extractions but did oc- 
eur in 5 patients who retained teeth after the 
first attack. 

McKusick 


HYPERTENSION 


Margolin, E. G., Merrill, J. P., and Harrison, J. 
H.: Diagnosis of Hypertension Due to Occlu- 
sion of the Renal Artery. New England J. 
Med. 256: 581 (March 28), 1957. 

A ease is reported of a 37-year-old man who 
developed severe hypertension with a rapid, malig- 
nant, downhill course that was reversed by the 
operative removal of the right kidney, which had 
an infarction due to occlusion of the renal artery. 
Study of this case and review of the available 
literature with particular emphasis on patients 
whose unilateral renal hypertension resulted from 
occlusive disease of the renal arteries showed a 
number of common elinical features. For un- 
known reasons, the disease appears to show a 
predominance for males. The hypertension is of 
short duration with an accelerated clinical course 
manifested by retinopathy, headaches, and high 
diastolic pressures. Leukocytosis, polyuria, al- 
buminuria, and impairment of urinary concen- 
trating ability frequently are found as part of 
the reversible form of the syndrome. Since the 
affected kidney may show normal visualization 
by intravenous pyelography, lumbar aortography, 
split-funetion studies, and observation of change 
in the size of the kidney may be better objective 
criteria in the diagnosis of unilateral occlusive 
disease of the kidney. 

SAGALL 


Rothman, S., and Drury, D. R.: Role of Auton- 
omic Nervous System in Maintenance of Cere- 
bral and Renal Hypertension. Am. J. Physiol. 
188: 371 (Feb.), 1957. 

Hexamethonium and dibenamine do not signifi- 
cantly change the blood pressure in normal 
rabbits. These 2 drugs do reduce blood pressure 
in renal and cerebral hypertensive animals. Ben- 
zodioxane reduces the pressure only slightly in 
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cerebral hypertension. On the other hand, Ve: 
loid and dihydroergocornine reduce  pressu: 
markedly in renal hypertensive animals. Norm 
tensive and cerebral hypertensive animals we 
observed to have a smaller reduction. It is su 
gested that cerebral hypertension depends on » \ 
overactive sympathetic nervous system, but ren: | 
hypertension is due to a hyperreactivity of pei 
pheral vessels to a normal sympathetic activity. 
OPPENHEIMER 


Solomianny, V. M., and Burmistrov, S. A.: Ro! 
of Psychic Trauma in the Etiology of Hype: 
tensive Disease. Klin. Med. 35/1: 38 (Jan. 
1957. 

The percentage of patients at the Ashaba 
Medical Clinic who suffered from hypertensio 
during the 8 years prior to the earthquake « 
October 1948 was 1-2.8 per cent. In the 4 year 
following this earthquake the percentage wa 
5-7.1 per cent. Of 1,120 factory workers wh 
were in Ashabad during the earthquake 12.2 pe 
cent had hypertension, while of 568 worker 
who were not in the city at that time only 
per cent had hypertension. The age and sex dis 
tribution was identical in both groups. Thes: 
observations confirm the role of nervous traum: 
in the genesis of hypertension. 

LEPESCHKIN 


Landau, J., and Davis, E.: Capillary Thinning 
and High Capillary Blood-pressure in Hyper- 
tension. Lancet 1: 1327 (June 29), 1957. 

In 100 patients with hypertension and in con- 
trol patients the capillaries of the nailbed and 
conjunctiva were examined by eapillary micro- 
scopy and with slit-lamp and the diameter of 
the lumen of the capillaries was measured. Very 
thin nailbed capillaries were found in 22 and 
very thin conjunctival capillaries in 48 of the 
100 hypertensive patients. In 100 control pa- 
tients without hypertension very thin capillaries 
were found in the nailbed in 3 patients and in 
the conjunctiva in 3 patients. High capillary 
blood pressure was found in 55 hypertensive 
patients and had a significant correlation with 
proteinuria, changes in the fundus, severe nail- 
bed and conjunctival capillary thinning and se- 
vere thinning and severe heart disease. Con- 
junctival capillary thinning was associated with 
fundal changes and cerebral arteriopathy; nail- 
bed capillary thinning was significantly correlated 
with severe heart disease. 

KURLAND 


Sealy, W. C., Harris, J. S., Young, W. G., Jr., 
and Callaway, H. A.: Paradoxical Hyperten- 
sion Following Resection of Coarctation of 
Aorta. Surgery 42: 135 (July), 1957. 
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Paradoxically, serious and sometimes fatal hy- 

p rtensive vascular disease may be precipitated 
bh the successful repair of coarctation of the 
rta. The authors have classified these hyper- 
nsive reactions into 2 types, immediate and 
layed. In the immediate type, a significant rise 
the blood pressure may develop and regress 
the first 36 hours. This is of no elinieal signifi- 
nee. Tt is possibly due to a disturbance in the 
‘essor receptors in aortic and carotid arteries. 
‘he delayed is the more ominous type, is prin- 
pally diastolic, and may occur on the second 
istoperative day. In some patients this may 
‘ associated with abdominal pain. Small bowel 
erosis has oeceurred oceasionally. In fatalities, 
»rterial necrosis has been found localized to 
essels originating from below the coarctation 
te. The arterial and arteriolar lesions resemble 
ose seen in experimental renal hypertension. 
here was an apparent predisposition for the 
essels of the small intestine to be involved. In 
patients with abdominal pain, diastolic hyper- 
ension and rising white blood cell count, the 
administration of hydralazine hydrochloride pro- 
vided effective and immediate relief. Explora- 
tory laparotomy was performed on 2 patients 
with the discovery of multiple and extensive 
areas of gangrenous bowel in both. One patient 
died on the operating table and the other sur- 
vived after resection of the gangrenous in- 
testine. Case reports of individual patients are 
presented and various theories concerning the 
etiology of the delayed hypertensive reaction 


are discussed. 
BROTHERS 


METABOLIC EFFECTS ON 
CIRCULATION 


Thomas, H. M., Jr.: Effect of Thyroid Hormone 
on Circulation. Arch. Int. Med. 99: 165 (Feb.), 
1957. 

Change in body temperature, produced by an 
inerease or decrease in metabolism, causes ho- 
neostatie neurocireulatory mechanisms to change 
blood flow to the skin by vasodilatation or con- 
striction. From the change in peripheral resist- 
anee, cardiac output is reflexly increased or di- 
minished, with tachyeardia or increase in stroke 
output, or the opposite, while mean arterial blood 
pressure is preserved in the normal range. The 
fact that the myocardium shares in the general 
metabolic effect of the thyroid hormone contrib- 
utes to the maintenance of the new level of circu- 
latory performance. Various visceral organs ap- 
pear to funetion at different metabolic levels. 
Their varying oxygen needs seem to be satisfied 
in some instances by inereased blood flow and 
in others by increased oxygen withdrawal from 
a more or less constant blood supply. Organs and 
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tissues respond to an excess of thyroid hormone 
with various levels of metabolie rate. Confronted 
by the difficulties of adapting to imbalance of 
this particular hormone, the circulatory system 
reacts in ways that are in some instances bene- 
ficial and in others detrimental. 

BERNSTEIN 


De Felice, E. A., Smith, T. C., and Dearborn, E. 
H.: Effect of Reserpine (Serpasil) on Oxy- 
gen Consumption of Euthyroid, Hypothyroid 
and Hyperthyroid Guinea Pigs. Proc. Soc. Ex- 
per. Biol. & Med. 94: 171 (Jan.), 1957. 
Oxygen consumption was reduced to hypothy- 

roid levels in reserpine-treated hyperthyroid and 

euthyroid animals but there was no _ significant 
effect obtained in the hypothyroid animals. The 
failure of reserpine to antagonize the increase of 
oxygen consumption produced by 2, 4 dini- 
trophenol and to depress oxygen consumption of 
hypothyroid animals makes a generalized depres- 
sion of metabolism unlikely. The action of reser- 
pine as a thyroxine antagonist is postulated but 

a central hypothalamic-hypophyseal or a direct 

thyroid effect is not eliminated. Changes in body 

weight in all the animals were probably due to 
decrease in food and water intake during drug 
therapy. 

AVIADO 


Tanz, R. D., Whitehead, R. W., and Weir, G. L., 
Jr.: Cardiotonic Activity of 9-Alpha Fluorohy- 
drocortisone. Proc. Soe. Exper. Biol. & Med. 
94: 258 (Feb.), 1957. 

The addition of this steroid to the isolated eat 
papillary muscle or perfused heart preparation 
resulted in a positive inotropie action, an in- 
creased uptake of intramuscular sodium and loss 
of potassium. Larger amounts gave the opposite 
effect. It is postulated that 1 or more naturally 
occurring steroids are necessary for cardiae fune- 
tion. The fact that such small amounts (1.0 pg./ 
ml.) of the compound are needed to elicit a pos- 
itive inotropie response is indicative of a specific 
action on cellular activity, probably exerting its 
influence by altering membrane permeability. 


AVIADO 


PHARMACOLOGY 


Heymans, C., Delaunois, A. L., and Rovati, A. L.: 
Action of Drugs on Pulsatory Expansion of 
the Carotid Sinus and Carotid Artery. Arch. 
Int. pharmacodyn. 109: 245 (Jan.), 1957. 
Previous studies by the senior author have 

demonstrated that external local application of 

epinephrine, norepinephrine, ephedrine and vaso- 
pressin on the arterial wall of the carotid sinus 
and aortie baroreceptive areas caused a stimula- 
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tion of the baroreceptors and a marked fall of 
the systemie arterial pressure in normal and in 
hypertensive dogs. Priscoline and papaverine 
eaused a rise of pressure if applied in the same 
manner. The resistance to stretch and state of 
contraction of the muscular wall were considered 
responsible. Experiments were performed on seg- 
ments of the carotid artery including the carotid 
sinus, excised from dogs, in order to evaluate the 
action of dilator and constrictor drugs on the 
pulsatile distensibility of the arterial wall. Pres- 
sure changes in the arterial segment were record- 
ed with the aid of a Statham pressure transducer. 
Pulsations were induced by means of a rotating 
device between a pump and a manometer. The ex- 
periments showed that epinephrine and norepin- 
ephrine induce a contraction and a decrease of 
pulsatile distensibility of the arterial wall. Pris- 
eoline and papaverine as well as sodium nitrate 
produce opposite reactions. These experiments 
confirm the previous conelusions of the authors. 
ScHERF 


Monninger, R., and Platt, D.: Toxic Amblyopia 
due to Quinidine. Am. J. Ophth. 43: 107 (Jan.), 
1957. 

On the seventeenth day of quinidine therapy 
for atrial fibrillation, a 60-year-old man developed 
blurred vision, a decrease in visual acuity to 20/50 
bilaterally, and a 15 to 17 degree constriction of 
the visual fields. The quinidine dose ranged from 
0.2 to 1.0 Gm. daily. After stopping the drug, 
the visual abnormalities subsided in 3 to 6 weeks. 
This appears to be the first reported instance of 
quinidine-induced amblyopia, although similar re- 
actions of quinidine have been observed and were 
attributed to retinal ganglion-cell ischemia. 

RoGERS 


Dann, S., Gutner, L. B., Bernstein, A., Berger, A. 
R., and Kupperman, H. §.: Clinical Evaluation 
of Acetyldigitoxin Alpha, a New Cardiac Gly- 
coside. New York State J. Med. 57: 239 (Jan. 
15, 1957. 

Acetyldigitoxin, a pure erystalline glycoside of 
constant potency with an enteral absorption of 
67 per cent, has a moderate latent period of 20 
to 30 minutes after intravenous administration 
and 2 to 4 hours after oral ingestion. The average 
time of dissipation of the drug from the tissues 
is 5.6 days. Dissipation of side effects is more 
rapid than with digitoxin. Signs and symptoms 
of toxicity disappear in 24 to 48 hours. The av- 
erage total digitalizing dose in 5 patients was 
2.08 mg. administered over a period of slightly 
more than 30 hours. The therapeutic range was 
44.2 per cent. The suggested initial dose is 0.4 
to 0.8 mg. followed by 0.4 mg. at 6-hour intervals 
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until the desired effect is achieved or toxicit 
occurs. The average maintenance dose in 2 
patients was 0.15 mg. The therapeutic ratio i: 
this group was 58.3 per cent. The greatest valu 
of acetyldigitoxin is in the patient with hear 
failure who can be digitalized over a 24- to 72 
hour period. While its maintenance effect approxi 
mates that of digitoxin, its more rapid dissipa 
tion with the resultant more rapid reversibilit, 
of toxicity would point to an advantage ove) 
the older glycoside in the treatment of congestiv 
failure. en 


Kirsner, J. B., and Ford, H.: The Effect of 
Reserpine upon Basal Gastric Secretion in 
Man. Arch. Int. Med. 99: 390 (March), 1957. 
Reserpine orally in average quantities (0.25 

mg. 4 times daily for approximately 12 weeks) 

in normal subjects usually does not inerease 
basal gastrie secretion. Reserpine intravenously 
in doses of 1.0 to 2.5 mg. is a very potent stimu- 
lant of basal gastric secretion in man. The tre- 
mendous stimulating effect of reserpine intra- 
venously upon gastric secretion apparently is 
not dependent upon an intact vagal mechanism 
or upon adrenocortical stimulation. 

BERNSTEIN 


Maxwell, R. A., Ross, 8S. D., Plummer, A. J., and 
Sigg, E. B.: A Peripheral Action of Reserpine. 
J. Pharmacol. & Exper. Therap. 119: 68 
(Jan.), 1957. 

Reserpine produces signs of reduction in sym- 
pathetic tone in experimental animals that are 
slow in onset and are considered to reflect a 
partial central suppression of sympathetic pre- 
dominance. When reserpine was administered in- 
travenously to dogs after they had received high 
doses of ganglionic-blocking agents, it produced 
an immediate pressor response. This action, 
which is opposite to those commonly attributed 
to reserpine, indicates that it is peripherally 
evoked by involvement of a sympathomimetic 


humoral mechanism. 
AVIADO 


Miller, E. R., Schmidt, D. A., Hoefer, J. A., 
Luecke, R. W., and Collings, W. D.: Electro- 
cardiographic Patterns of Normal and Thi- 
amine-Deficient Baby Pigs, Proc. Soc. Exper. 
Biol. & Med. 94: 209 (Jan.), 1957. 
Thiamine-deficient baby pigs showed the fol- 

lowing patterns: prolonged P-R interval, QT 
time, and cycle length, sinus arrhythmia, and 
atrio-ventricular block. Some animals showed 
cardiac hypertrophy. The mechanism of these 
cardiac effects was not explored. 


AVIADO 


SSTRACTS 


irb, S., and Penna, M.: Effects of Rhythm and 
Rate Changes on Inotropic Action of Ouabain. 
Proe. Soe. Exper. Biol. & Med. 94: 18 (Jan.), 
1957. 

In the failing cat papillary muscle, postextra- 
‘stolie potentiation (augmented regular con- 
action following an interpolated contraction) is 
it improved by ouabin. This is interpreted to 
ean that this phenomenon is unrelated to con- 
actile mechanisms that are susceptible to oua- 
iin. The latent period of inotropic action of 
iabain is related to elapsed time, rather than 
. the number of contractions. An opposite con- 
usion was arrived at by Wilbrandt et al., using 
ie frog heart. 

AVIADO 


Finnerty, F. A., Jr., Buchholz, J. H., and Guil- 
landeu, R. L.: Cardiovascular Evaluation of 
a Pressor Amine (Tetrahydrozoline) Showing 
Hypotensive Properties in Man. Proe. Soe. 
Exper. Biol. & Med. 94: 376 (Feb.), 1957. 
Seventeen of 42 patients who received tetra- 

hydrozoline intravenously exhibited an immedi- 

ate pressor response that lasted an average of 

12 minutes. This was followed by hypotension 

lasting about 3 hours. This diphasie action re- 

sembles the diphasie action of epinephrine. The 
high initial concentration of the drug causes vaso- 


constriction. When this has worn off, a sufficient 
concentration to cause vasodilatation may still be 
present. It is hoped that these studies will stimu- 
late investigation of related drugs for their anti- 
hypertensive properties. 


AVIADO 


Faust, R. M., and Saunders, P. R.: Comparative 
Effects of Ouabain upon Contractile Force of 
Guinea Pig Diaphragm and Heart. Proc. Soe. 
Exper. Biol. & Med. 94: 351 (Feb.), 1957. 
Ouabain increased the foree of contraction of 

isolated guinea pig diaphragm, stimulated di- 

reetly or indirectly with. supramaximal shock. 

This implies that whatever systems in cardiac 

musele are affected by the cardiac glycosides 

with resultant increased force of contraction are 
probably also present in skeletal muscle, and 
hence the latter could reasonably be used in 
studies on the mechanism of action of these 
drugs. If skeletal muscle were to be used for 
such studies, the effective concentrations of the 
drug for the production of the positive inotropic 
action should first be established on a contract- 
ing musele preparation. 

AVIADO 
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Chavez, I., Mendoza, F., Garcia, C. C., and Loa- 
eza, M. C.: Investigations Concerning Acetyl- 
digitoxin, a New Digitalis Preparation. Cardio- 
logia 30: 62, 1957. 

The value of the new digitalis preparation 
acetyldigitoxin was tested in 23 patients with 
congestive heart failure: 23 were treated by oral, 
and 6 by intravenous medication after sufficient 
control periods and with complete omission of 
diuretics in order to eliminate possible sources 
of errors. In all but 4 patients acetyldigitoxin 
produced rapid and complete disappearance of 
symptoms and signs of heart failure. The 4 ex- 
ceptions were the most severe cases complicated 
by an active rheumatic carditis or multiple pul- 
monary emboli. Therapeutic effects were achieved 
within 24 hours on oral administration and 9 to 
30 minutes after intravenous injection. Acetyl- 
digitoxin proved valuable in treatment of supra- 
ventricular tachyeardias which could be stopped 
within 10 minutes after a single intravenous 
dose of 1.4 Gm. Signs of toxicity oeceurred in 3 
of the earlier patients in whom a too high dosage 
was administered, and in 5 patients with active 
rheumatic carditis. It disappeared usually with- 
in 2 to 5 days. Electrocardiographie manifesta- 
tions of toxicity consisted of bigeminy in 2, 
paroxysmal ventricular fibrillation in 1, and see- 
ond degree A-V block in the 5 patients with ear- 
ditis. The authors conclude that acetyldigitoxin 
is a good digitalis preparation. When used in the 
same dosage as digitoxin it is as efficient, acts 
as rapidly, is less toxie and excreted faster. It is 
less prone to produce cardiac arrhythmias than 
other digitalis preparations. 

Pick 


Levy, M. N., and Brind, S. H.: Influence of 
l-Norepinephrine upon Cardiac Output in An- 
esthetized Dogs. Circulation Research 5: 85 
Jan.), 1957. 

In the dog anesthetized with sodium barbital, 
continuous infusion of norepinephrine, sufficient 
to elevate mean arterial pressure to levels of 50 
to 100 mm. Hg above control, produce propor- 
tionate changes in ecardiae output, but no sig- 
nificant change in total peripheral resistance. The 
discrepancy between the effects upon cardiac 
output in the present study and in those upon 
unanesthetized humans (in which a _ reduction 
in output and inerease in resistance have been 
reported) may be attributed to species differ- 
ence. However, the more intense bradyeardia in 
man may tend to mask the ability of norepi- 
nephrine to enhance cardiac output. 

AVIADO 
































































































































































































































































































































PHYSICAL SIGNS 
Conway, J., and Smith, K. S.: A Clinical Method 
of Studying the Elasticity of Large Arteries. 

Brit. Heart J. 18: 467 (Oct.), 1956. 

The authors deseribe a test to establish elin- 
ically whether the vessels forming the main ar- 
terial reservoir are primarily elastic or whether 
the tension is being thrown on the inelastic col- 
lagen. The differentiation depends upon changes 
in pulse pressure occurring when the level of di- 
astolie pressure is reduced with little change in 
stroke volume. Little change in pulse pressure 
oceurs as the blood pressure is reduced without 
changing stroke volume if the vessels are elastic 
whereas with inelastic vessels, the pulse pres- 
sure drops. It is assumed that, immediately after 
the inhalation of amyl nitrite, the stroke volume 
does not change for a limited number of beats 
while the blood pressure is dropping and the 
heart rate is constant. Preliminary intravenous 
hexamethonium prolongs this state. The test was 
performed on 15 normal and 37 hypertensive 
patients. Elasticity was assessed by the ratio 
change in diastolic pressure. In the normal, the 
average ratio was 16 per cent. Fifteen hyper- 
tensive patients had an average ratio of 31 per 
cent; twenty-two had an average ratio of 97 
per cent. The latter group contained the older 
patients and were regarded as having “inelastic” 
central arterial vessels. 

SOLOFF 


Kunos, I., Garan, V., and Robicsek, F.: In- 
terpretation of Acoustic Phenomena over the 
Pulmonary Artery in Mitral Stenosis. Ztschr. 
Kreislaufforsch. 46: 39 (Jan.), 1957. 

Of 100 cases of mitral stenosis studied phono- 
cardiographically and subjected to mitral com- 
missurotomy, 10 showed an_ early — systolic 
sound appearing 0.07 to 0.14 seeond after the 
maximum of the first sound; 8 of these had rela- 
tive pulmonary insufficiency or stenosis. In some 
eases this sound heeame visible after commis- 
surotomy owing to earlier appearance of the 
first sound. In 81 eases a systolic murmur was 
present, and in 44 of these relative pulmonary 
insufficiency or stenosis was present; in 18 of 
these a systolic thrill was palpable at the pul- 
monary ostium during the operation. In 6 cases 
the murmur was transmitted from the mitral 
area, in 6 it was considered as accidental, and in 
8 aortic stenosis was present. A diastolic mur- 
mur (Graham Steell) was present in 18 patients, 
and all showed relative pulmonary insufficiency 
in that the pulmonary pulse pressure was at 
least 40 per cent of the systolic pressure. This 
murmur was present in only some of the cases 
with pulmonary insufficiency, while a_ systolic 
murmur was present in all of these cases. 

LEPESCHKIN 
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PHYSIOLOGY 
Eckstein, J. W., Wood, J. E., and Wilkins, R 
W.: Comparative Vasoconstrictor Effects o: 
Inhaling Tobacco Smoke in Warm and Coo 
Environments and before and after Absti 
nence from Tobacco. Am. Heart J. 53: 45/ 

(March), 1957. 

The authors report quantitative data con 
cerning the relative intensity of the vasocon- 
striction induced in the foot of normal mal 
smokers, ages 26 to 33 years, under different 
conditions. Under all conditions of this study 
the smoking of 2 cigarettes in 28 of 31 experi- 
ments resulted in reductions in foot blood flow 
ranging from 9 to 55 per cent and averaging 22.3 
per cent. Smoking in the warm room, the cool 
room, and after 24 or 48 hours of abstinence 
from tobaeeo caused decreases in foot blood flow 
of the same general range. This striking similar- 
ity of response suggests that these different con- 
trol levels of vasomotor activity do not alter 
significantly the vasoconstrictor effects of smok- 
ing cigarettes. Under the conditions of this 
study smoking was a less intense vasoconstric- 
tor stimulus than cooling the environment from 
83 to 68 F. 

SAGALL 


Goodkind, M. J., Davis, J. 0., Ball, W. C., Jr., 
and Bahn, R. C.: Alterations in Cardiovascu- 
lar and Renal Hemodynamic Function Follow- 
ing Hypophysectomy in the Dog. Am. J. Phys- 
iol. 188: 529 (Mareh), 1957. 

In studies of unanesthetized dogs, hypophysec- 
tomy resulted in a decrease in cardiac output, 
oxygen consumption, and stroke volume. No 
appreciable change in arteriovenous oxygen dif- 
ference, mean femoral arterial pressure, or heart 
rate was observed. Glomerular filtration rate, 
renal plasma flow, and renal fraction of cardiac 
output were markedly reduced in the hypo- 
physeetomized animals. Renal vascular resist- 
ance inereased 2- to 3-fold in contrast to a 24 
per cent inerease in total peripheral vascular re- 
sistance. Although a marked reduction in eardio- 
vascular and renal hemodynamie function 
resulted following hypophysectomy, there was 
no correlation between the degree of functional 
change and either the amount of anterior pitui- 
tary tissue remaining or the degree of atrophy 
of the adrenal cortex. 

OPPENHEIMER 


Goh, K., and Dallam, R. D.: Oxygen Consumption 
of the Auricle, Right and Left Ventricles of 
the Normal, Hypothyroid and Hyperthyroid 
Rat Heart. Am. J. Physiol. 188: 514 (March), 
1957. 


Normally the left ventricle consumes 25 per 


oe 


cent more oxygen than the right ventricle and 









STRACTS 


im. Hypothyroid animals were observed to 
e a decreased oxygen use in the atrium and 
1 ventricles. The decrease was about 25 per 
t and proportional in all chambers. In hyper- 
roidism the inereased oxygen use in all cham- 
s was disproportionate. 

OPPENHEIMER 


G od, A. L., and Sellers, A. F.: Temperature 
Yhanges in Blood of the Pulmonary Artery 
ind Left Atrium of Dogs During Exposure 
to Extreme Cold. Am. J. Physiol. 188: 477 
(March), 1957. 

[femperature changes were observed in blood 
d reetum by thermistors. Dogs were suddenly 
posed to ambient temperatures of —35 C. for 
minutes. During this experimental period 
hiood and rectal temperatures increased ap- 
proximately 0.5 C. Reetal temperatures were 
ways 0.2 - 0.3 C. higher than that of the left 

atrium and the latter in turn was higher than 
that of the pulmonary artery by 0.01-0.15 C. 
|t was considered that increased metabolism and 
vasoconstriction in the skin play a role in the 
increased rectal temperature observed during 
exposure to cold. There may be a thermodynamic 
basis to explain the temperature gradient be- 
tween left atrium and pulmonary artery. 


OPPENHEIMER 


Hazard, R., Boissier, J. R., Hazard, J., and 
Mouille, P.: Action of Cesium on the Cardio- 
vascular System. Arch. Int. Pharmacodyn. 
110: 203 (April), 1957. 

The authors studied the cardiovascular action 
of eesium on the isolated frog heart, the iso- 
lated rabbit atrium, and the dog heart in situ. 
They observed, as in a previous study with po- 
tassium and rubidium, a negative chronotropic 
and inotropic action. Hypertension appeared and 
vas attributed to increased secretion of epineph- 
rine. However, cesium was less active than the 
other ions and it was more toxie for the myo- 
‘ardium. In the electrocardiogram sinus brady- 
cardia and sinus standstill with eetopie rhythms, 
such as ventricular extrasystoles and ventricular 
tachyeardias, were observed. 

SCHERF 


Frau, G., and Della Porta, P.: Mechanical Activ- 
ity of the Heart in Ventricular Conduction Dis- 
turbances. Cardiologia 30: 319 (May), 1957. 
Alterations of ventricular activity following 

damage of the conduction system by application 

of a quinine solution to the ventricular septum 
was studied in dogs. Comparative data concern- 
ing time of onset of contraction in different parts 
of the ventricles were obtained by introducing 
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catheters into the ventricular cavities, the aorta, 
and pulmonary artery and into the free ventricu- 
lar walls and by recording simultaneously 5 pres- 
sure values and an electrocardiogram as refer- 
ence. The degree of delay in contraction of a 
ventricle consequent to a lesion of the homo- 
lateral bundle showed a clear dependence on the 
extent of the alteration of the electrocardiogram. 
When a typical pattern of right or left bun- 
dle-branch block appeared in the electrocardio- 
gram, retardation of contraction of the respective 
ventricle amounted to 0.03 to 0.35 second. With 
lesser degrees of prolongation of the QRS interval 
(15 to 20 per cent) contraction was delayed by 
only 0.02 second maximally. The activity of the 
contralateral ventricle remained unaffected. 


Pick 


Gray, I. Jordon, W. J., Goldberg, N. D., and Cash, 
W. D.: Mechanism of the Protective Action of 
Magnesium in Mechanical Trauma Involving 
Epinephrine and Norepinephrine. Am. J. Phys- 
iol. 189: 229 (May), 1957. 

Trauma was produced in rats by tumbling in a 
Noble-Collip type drum. Pretreatment with epsom 
salts intraperitoneally decreased the mortality. 
Cireulating epinephrine and norepinephrine con- 
centrations were reduced in treated animals. 
Control animals were observed to have a pro- 
nounced decrease in blood volume after tumbling. 
This change in volume was prevented by pretreat- 
ment with magnesium. The opinion is set forth 
that, since magnesium maintains blood volume, it 
thus prevents the increase in concentration of 
catechol amines observed in control untreated 
rats. 

OPPENHEIMER 


Cotton, M. deV., and Bay, E.: Direct Measure- 
ment of Changes in Cardiac Contractile Force, 
Relationship of Such Measurements to Stroke 
Work, Isometric Pressure Gradient and Other 
Parameters of Cardiac Function. Am. J. Phy- 
siol. 187: 122 (Oct.), 1956. 

An important experimental technic is present- 
ed that measures ventricular foree directly. 
Changes in force of contraction and duration of 
isometric pressure gradient bear a linear relation 
to each other. The same is true for changes in 
force and stroke work. Aortie diastolic pressure 
and left ventricular contractile force developed 
during isometrie contraction are directly related. 
Contractile foree increased as a muscle was 
stretched to increase 40 to 60 per cent in length, 
but beyond this the foree decreased. 


OPPENHEIMER 
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Winbury, M. M.: Influence of Glucose on Con- 
tractile Activity of Papillary Muscle during 
and after Anoxia. Am. J. Physiol. 187: 135 
(Oct.), 1956. 

When eat papillary muscles contract aerobical- 
ly in a Krebs-Henseleit bicarbonate solution, glu- 
cose is not needed to sustain contraction. Contrac- 
tions are reduced and ultimately stop under an- 
aerobie conditions, but recover when oxygen is 
restored. Control museles behave — similarly. 
Acrobie recovery is greater if glucose is present 
during the anoxia. 

OPPENHEIMER 


Kleinfeld, M., Stein, E., and Magin, J.: Elec- 
trical Alternans in Single Ventricular Fibers 
of the Frog Heart. Am. J. Physiol. 187: 139 
(Oct.), 1956. 

Thyroxine, triiodothyronine, and acute anoxia 
were used to produce electric alternans. The al- 
ternans was usually associated with decreased 
contractility. It did not seem to be related to 
rate. Alternation in the single ventricular fibers 
of the frog involved rate of depolarization and 
rate of varying combinations. Mechanisms to 
explain the actions of the agents tested are 
unknown. 

OPPENHEIMER 


Van Harreveld, A., and Ochs, 8.: Cerebral Im- 
pedance Changes after Circulatory Arrest. 
Am. J. Physiol. 187: 180 (Oct.), 1956. 
Conductance is the reciprocal of resistance. 

When the aortas of rabbits were first cut brain 

conductance decreased slowly for 1 to 5 minutes, 

followed by a sudden large drop that was close- 
ly correlated with the development of the nega- 
tive cortical asphyxial potential. A further slow 
decrease -of conductance followed until values 
of 20 to 30 per cent of controls were observed. 
Cooling from body to room temperature lowered 
conductance approximately 20 per cent. Removal 
of fluid from the surface of the cortex and from 
the lateral sinus had a similar effect to temper- 
ature drop. The rapid fall in conductance was 
considered to be due to movement of ions from 

an intercellular to an intracellular position. A 

sudden increase in membrane potential would 

explain this and the asphyxial potential. 
OPPENHEIMER 


Bloom, W. L.: Diastolic Filling of the Beating 
Excised Heart. Am. J. Physiol. 187: 143 (Oct.), 
1956. 

If the atria are opened, an excised rat heart 
placed in saline will propel itself with each sys- 
tole. This jet propulsion was observed during 
systolic ejection from the aorta. In the excised 
heart fluid was taken in during diastole and 
ejected during systole. Nonbeating hearts had an 








ABSTRACTS 


inherent elasticity, since they drew in fluid whe 
released from external compression. The auth 
expresses the opinion that part of systolie e 
ergy is dissipated during diastole. 


OPPENHEIMER 


PULMONARY DISEASES 
Frank, N. R., Lyons, H. A., Siebens, A. A., an 

Nealon, T. F.: Pulmonary Compliance in P: 

tients with Cardiac Disease. Am. J. Med. 22 

516 (April), 1957. 

Pulmonary compliance was measured by th 
volume-step method from end-expiratory relay 
ation volume in 18 patients with cardiac diseas: 
13 of whom had rheumatic heart disease. Th 
mean value for compliance in 15 patients with 
out rales was 0.09 + 0.03 L. per em. wate 
significantly less than that of a group of 1’ 
healthy persons of similar size. In this group 
compliance was not closely related to clinica 
disability. Compliance was lower among 3 pa 
tients who had rales. Compliance was closely re 
lated to vital capacity and total lung eapacity 
but was poorly correlated with pulmonary ar 
terial pressure. 

KURLAND 


Auchincloss, J. H., Jr., and Duggan, J. J.: Ef- 
fects of Venesection on Pulmonary and Car- 
diac Function in Patients with Chronic Pul- 
monary Emphysema and Secondary Poly- 
cythemia. Am. J. Med. 22: 74 (Jan.), 1957. 
The effects of venesection on pulmonary and 

cardiac function were studied in 11 male pa- 

tients with chronic pulmonary emphysema and 
secondary polycythemia. Mean values for all 
lung volumes measured or caleulated were 
greater after venesection. Increases in fune- 
tional residual capacity and residual volume ap- 
peared to be most consistent. In each of 4 pa- 
tients studied, there was a fall of cardiac out- 
put after venesection of not less than 1 liter 
per minute. Stroke volume was decreased; ar- 
terial oxygen saturation rose; mean pulmonary 
arterial pressure decreased in 2 of 3 patients. 

It was concluded that while venesection reduced 

intrathoracic blood volume, no improvement re- 

sulted in ventilatory performance, alveolar ven- 
tilation or ventilation perfusion relationships. 

The value of venesection in such patients could 

not be established from this study. 


KuRLAND 


Perry, H. M., Jr., O’Neal, R. M., and Thomas, 
W. A.: Pulmonary Disease Following Chronic 
Chemical Ganglionic Blockade. A Clinical and 
Pathologic Study. Am. J. Med. 22: 37 (Jan.), 
1957. 


Anatomic changes in the lungs were studied 
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groups of autopsied patients to evaluate the 
ible etiologic role of methonium salts in pul- 
ary disease. Methonium-treated cases with 
riolar nephrosclerosis were compared with 
‘eated cases with a similar diagnosis and 
i the findings in the lungs of patients with 
ral stenosis. Fibrous pneumonitis was char- 
‘rized by fibrin masses in the air spaces often 
ociated with a hyalin-like membrane and a 
dency to organize. Its oceurrence was signifi- 
tly more frequent in methonium-treated 
ients (59 per cent) than in untreated patients 
per cent) but in both groups it was quali- 
ively similar anatomically. It was rare in un- 
ated nonuremie cases. Nonuremic fibrinous 
‘umonitis found in 8 patients was marked 
tachypnea, relative tachyeardia, and dyspnes 
ieved in the supine position. Pyrexia, leuko- 
tosis, alkalosis, or hyponatremia characterized 
» terminal clinical episode. 
KURLAND 


RENAL AND ELECTROLYTE 

EFFECTS ON THE CIRCULATION 
Goodkind, M. J., Hyatt, R. E., and Davis, J. 0.: 

Failure of Large Doses of Desoxycorticosterone 

Acetate to Block Mercurial Natriuresis in 

Adrenalectomized Dog with Thoracic Inferior 

Vena Cava Constriction and Ascites. “Am. J. 

Physiol. 187: 361 (Nov.), 1956. 

Large doses of desoxyeorticosterone acetate 
did not block an inerease in sodium exeretion 
due to mereuhydrin in 2 of 3 dogs. These animals 
were previously subjected to bilateral adrenalec- 
tomy and constriction of the inferior vena cava. 
\seites was present. The authors point out that 
these observations do not support the theory 
that mereurial unresponsiveness ean be ex- 
plained by inereased quantities of a circulating 
adrenocortical hormone that causes salt reten- 
tion. 

OPPENHEIMER 


Goldberg, B.: Renal Haemodynamic Effects of 
Hypotensive Drugs. I. Acute Effects of Hex- 
amethonium Bromide before and after Treat- 
ment with Reserpine. Lancet 1: 74 (Jan. 12), 
1957. 

The effects of intravenously administered hex- 
imethonium on renal function—temporary de- 
‘reases in glomerular filtration rate and renal 
lood flow, usually an increase in renal vascu- 
lar resistance, a decrease in urine flow and 
sodium exeretion— were not modified by pre- 
paratory treatment with reserpine. 

McKvsick 


Harris, H.: Renal Aminoaciduria. Brit. Med. 
Bull. 13: 26 (Jan.), 1957. 
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Cystinuria, galactosaemia, and “Hartnup dis- 
ease” represent 3 forms of renal aminoaciduria 
that are genetically determined. In eystinuria 
the urine contains not only grossly abnormal 
amounts of cystine but also 3 other basic amino 
acids. Cystine tends to come out of solution and 
this is presumably the prime factor in stone 
formation while the others are freely soluble. 
The cystinuria is renal in character and not due 
to a block in intermediary metabolism. More than 
1 patient with cystine stone formation may not 
infrequently be found in the same family and 
apparently more than 1 different abnormal gene 
may, in homozygotes, lead to a severe failure in 
the tubular reabsorption of the 4 amino acids. 
In galactosemia, the patients are unable to 
metabolize galactose completely and will show 
high levels of galactose in the blood and urine. 
Hepatomegaly, cirrhosis of the liver, cataracts, 
and early death are the rule unless the patient 
is placed on a galactose-free diet. The urine of 
such infants contains abnormal amounts of amino 
acids, not due to overflow associated with liver 
damage but purely renal in origin, probably due 
to a buildun of material toxie to the renal tubule. 
Hartnup disease is characterized by a pellagra- 
like skin rash with temporary cerebellar ataxia, 
constant renal aminoaciduria, and other bizarre 
biochemical features. The pattern of amino acid 
excretion in this syndrome is quite different 
from any other and is specific for this condition. 
Eleven amino acids are exereted’ in greatly in- 
creased amounts compared with the normal, al- 
though the plasma concentrations are within 
normal limits. It seems reasonable that as the 
causal sequence of events in these and other 
similar conditions is unraveled, much new light 
will be focused, not only on the pathology, but 
also on the physiology of the renal function. 


Simon 


Milne, M. D., Muehrcke, R. C., and Heard, B. E.: 
Potassium Deficiency and the Kidney. Brit. M. 
Bull. 13: 15 (Jan.), 1957. 

The correlation of funetional and structural 
renal defects with the degree of potassium de- 
pletion produced experimentally by a potassium- 
deficient diet in combination with cation-ex- 
change resins is of great importance and best 
estimated by balance studies in man, and by 
muscle analysis in the experimental animal. 
Functional renal defects in potassium deficiency 
are classified under abnormalities of glomerular, 
proximal tubular, and distal tubular functions 
in addition to certain changes due to intracellu- 
lar acidosis rather than directly to potassium 
deficiency. The glomerular filtration rate may be 
reduced as much as 50 per cent, creatinine clear- 
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ance as much as 60 per cent and there is usually 
a slight proteinuria. ‘Transport, excretion, and 
clearance of p-amino hippurate by the proximal 
tubule is reduced or completely inhibited in po- 
tassium-depleted kidney slices. The distal tubu- 
lar renal defect is similar to that of chronie 
nephritis, there being diminished power to re- 
spond efficiently either to water deprivation or 
to water excess. The potassium-deficient kid- 
ney is unable to produce a highly acid urine 
even in the presence of minor defects but can 
efficiently retain potassium and protect the or- 
ganism from progressive or rapid depletion. 
Normal stimuli to potassium loss become rela- 
tively ineffective but aldosterone still iner-ases 
further potassium loss that accounts for the 
severe potassium deficiency of primary aldos- 
teronism. Structural changes consist of a grad- 
ual increase of kidney mass secondary to tubu- 
lar dilatation and inereased mitosis of tubular 
cells (hydropie degeneration) most prominent in 
the distal tubules. Both structural and fune- 
tional lesions of the kidney are usually rapidly 
reversed by potassium repletion. 

SIMON 


ROENTGENOLOGY 


Lind, J., Rocha, M., and Wegelius, C.: The 
Value of Fast Angiocardiography in the Early 
Diagnosis of Patent Ductus Arteriosus. Am. J. 
Roentgenol. 77: 235 (Feb.), 1957. 

Patent ductus arteriosus (PDA), particularly 
in infaney offers a serious diagnostie problem, 
especially when a continuous or machinery-like 
murmur is absent, and only systolie or atypical 
systolic and diastolic murmurs are present. On 
the other hand, ventricular and aortie septal 
defects and also Eisenmenger’s complex may be 
associated with murmurs difficult to differentiate 
from patent ductus arteriosus. Cardiae catheter- 
ization is often useful and diagnostic. but at 
times it, too, provides inconclusive results. In 
infaney the likelihood of failure and death from 
PDA is greater than the over-all mortality inci- 
dence, particularly when associated with ven- 
tricular atrial and septal defects. Electroeardio- 
graphie and conventional roentgenologie meth- 
ods are often less helpful than required to 
establish the diagnosis. Conventional angiocar- 
diography may be helpful in terms of indireet 
signs (aortic infundibular and pulmonary artery 
dilatation, left ventricular and left atrial en- 
largement, persistence of opacification, and re- 
opacification of the pulmonary artery). Only 
rarely is it as conclusive in terms of direct 
opacification of the ductus, the demonstration of 
contrast filling defects from nonopacified aortic 
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blood (generally in diastole) as is the raj id 
serial angioeardiography (6 to 12 frames | er 
second) employed by the authors. Selective ; 1- 
gioecardiography with injection of the opac ie 
substanees through a catheter under consid 
able pressure, offers even greater possibilities i vr 
a nonequivocal diagnosis. The authors have e 
ployed this technic not only with rapid ser |] 
films, but with cineroentgenography combin 4 
with image intensification. Two simultaneo s 
projections at a 90-degree angle with each oth 
plus electroeardiographie timing offer phys 
logie as well as diagnostic data. One of the i 
teresting findings illustrative of the value of t 
method is the statement that diastolic shun 
from aorta to pulmonary artery may and < 
exist even in the absence of diastolic murmurs. 


SCHWEDEL 


Epstein, B. 8.: Calcification of the Ascendin 
Aorta. Am. J. Roentgenol. 77: 281 (Feb.), 195% 
While calcification within the wall of the as 

cending aorta is commonly found in patients wit 
syphilitic aortitis the author focuses his atten 
tion on this finding in 4 of 20 sueh patients wh: 
had no syphilis, clinically, serologically, and ulti 
mately at postmortem examination. Differen 
tiation between syphilitic and the nonsyphilitic 
aortie ealcifieation was possible on the basis of 
demonstrable absence of dilatation of the aseend- 
ing aorta in elderly patients with negative ser- 
ology. 


SCHWEDEL 


Reich, N. E., and Witten, M.: Roentgenographic 
Visualization of the Coronary Arteries. Am. J. 
Roentgenol. 77: 274 (Feb.), 1957. 

The authors present the sites at which coronary 
artery calcifications should be observed when 
present, and report 6 instances in which ealeci- 
fication of the left descending and cireumflex 
branches were demonstrated. Only 1 of the 6 
had definitive electrocardiographie evidence of 
coronary occlusion. The mentioned sites are 
just inside the upper left ventricular margin in 
the posteroanterior position and anterior to the 
atrioventricular groove in the left anterior 
oblique position for the left descending and eir- 
eumflex branches; inside the upper eardiae con- 
tour in left anterior oblique position and an- 
terior to the right atrium in the right anterior 
oblique position for the right coronary artery. 
Characteristically these calcifications have the 
appearance of linear streaks and interrupted 
plaques arranged in parallel segments. 


SCHWEDEL 
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Ss inberg, I., and Finby, N.: Roentgen Manifes- 
itions of Unperforated Aortic Sinus Aneu- 
ysms. Report of Three New Cases. Am. J. 
‘oentgenol. 77: 263 (Feb.), 1957. 

‘hree new eases of unperforated aortic sinus 
urysms were diagnosed antemortem by roent- 
iographie studies. In the first, a 7-year-old 
d, the aortie sinus aneurysm believed to be 
congenital origin, was associated with mitral 
| aortic stenosis. The 2 other patients had 
juired syphilitic aortic sinus aneurysm. Diag- 
sis was established by angiocardiography, and 
nfirmed in 1 by postmortem examination. The 
thors stress the relatively benign course of 
ch aneurysms occurring on a syphilitie basis. 
owever, the danger of rupture in these, as well 
in the congenital types (including those oe- 
rring with arachnodactyly), indicates the need 
r early surgery which, at present is not yet 
actieal. 

SCHWEDEL 


Jacobson, G., Schwartz, L. H., and Sussman, M. 
L.: Radiographic Estimation of Pulmonary 
Artery Pressure in Mitral Valvular Disease. 
Radiol. 68: 15 (Jan.), 1957. 

The authors review the roentgenographie find- 
ings in 124 patients with mitral disease and at- 
tempt to correlate the findings with maximal sys- 
tolie pulmonary artery pressures as determined 
hy eardiae catheterization. The main pulmonary 
artery segment was elassified as being normal or 
slightly enlarged (grade 1) and generally cor- 
responded to pulmonary artery pressures of 50 
im. Hg or less; grade 2 and grade 3, indicating 
moderate or marked pulmonary artery dilatation 
correlated 92 per cent of the time with systolic 
pulmonary artery pressures exceeding 51 mm. 
lig, but no linear correlation was possible. The 
authors conclude that if the sole purpose of ear- 
diae eatheterization is to determine pulmonary 
irtery pressures, it is probably an unnecessary 
procedure when enlargement of the pulmonary 
irtery segment is moderate or marked. However, 
vhen the pulmonary artery segment is normal 
vr slightly enlarged then pulmonary artery hy- 
vertension (above 50 mm. Hg systolic) can be 
xcluded only by cardiac catheterization. 


SCHWEDEL 


uehman, J. S., Musser, B. G. and Lykens, H. D.: 
Cardiac Ventriculography. Direct Transthor- 
acic Needle Puncture Opacification of the Left 
(or Right) Ventricle. Am. J. Roentgenol. 77: 
207 (Feb.), 1957. 

Direet transthoracic needle puncture opacifi- 

‘ation of the left and right ventricles was per- 

formed 77 times in 60 patients. The chief reason 


625 


for such a procedure was to demonstrate mitral 
or tricuspid valvular insufficiency; accessory 
reasons included localization of extent of local- 
ized ventricular bulge (ventricular aneurysm), 
visualization of the aortic and mitral valves and 
aortic aneurysms. The procedure was monitored 
by a 1-lead eleectrocardiogram and by intracar- 
diac pressures. The left ventricle was entered 
directly half of the time, in the other half the 
needle traversed the right ventricle and the in- 
terventricular septum as well. Diagnostic results 
were obtained in about 90 per cent of the suc- 
cessful procedures, including data on gradients 
between left ventricular and aortic pressures. In 
8 instances at least some portion of the injected 
opaque substance appeared within the myoear- 
dium with permanent residual damage in only 
1 patient (heart block). Slight to moderate peri- 
cardial effusions occurred 11 times, in 1 there 
was 400 ml. of blood. Various arrhythmias oe- 
eurred frequently, both during the passage of 
the needle and presumably secondary to jet ef- 
fects of the injection on adjacent endocardium. 
The problem of intrapericardial and intramyo- 
cardial injections is discussed and methods for 
obviating such complications are presented. 
ScHWEDEL 


Ebnother, C. L., and Abrams, H. L.: Roentgeno- 
logic Aspects of the Eisenmenger Complex. 
Am. J. Roentgenol. 77: 248 (Feb.), 1957. 

The authors diseuss the anatomie and physio- 
logie components of the Eisenmenger complex: 
a large high ventricular septal defect with aortic 
overriding of variable degree, increased pul- 
monary vascular resistance with consequent 
pulmonary hypertension, a shunt of right ven- 
tricular blood into the aorta. Deformed aortic 
cusps, a dilated pulmonary artery and chamber 
enlargements were secondary or associated fea- 
tures. Significant catheterization data in 12 
patients included marked elevation of right ven- 
tricular and pulmonary artery pressures without 
a gradient between the 2 and equalization of 
these pressures with systemic pressures, usually 
with bidirectional small shunts. Conventional 
roentgenography indicated that gross cardiac en- 
largement may or may not be present and in 
this group most of the cardiac silhouettes were 
not strikingly enlarged. The main trunk of the 
pulmonary artery was almost always prominent, 
the secondary (hilar) branches were also dilated. 
The tertiary and quartanary branches on the 
other hand seemed to shrink with increasing 
age, or under prolonged observation, suggesting 
actual pulmonary arterial narrowing (associ- 
ated with pulmonary arterial hypertension). 
Right ventricular enlargement, less frequently 
right atrial enlargement, no left ventricular or 
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atrial enlargement were the other roentgenologie 
features. Angiocardiography was helpful in that 
aortic opacification occurred before that of the 
left ventricle. Differential diagnosis between Eis- 
enmenger’s complex and other congenital cardiac 
anomalies that had progressed to the stage of 
or were associated with a_ right-to-left shunt 
were presented; these included atrial septal de- 
fect ventricular septal defect, patent ductus ar- 
teriosus, and primary pulmonary hypertension. 


ScHWEDEL 


Keats, T. E., Kreis, V. A., and Simpson, E.: An 
Evaluation of the Roentgen Manifestations of 
Isolated Ventricular Septal Defect. Radiol. 
68: 9 (Jan.), 1957. 

The roentgenographie findings were reviewed 
in 20 proved eases of isolated ventricular septal 
defect, excluding those with a right-to-left shunt. 
Ten per cent had marked eardiae enlargement, 
in 40 per cent this was moderate. Right ventric- 
ular enlargement occurred in 85 per cent, left 
ventricular enlargement in 65 per cent. Almost 
half had left atrial enlargement. All but 1 of 
the patients had widening of the main _ pul- 
monary artery, 85 per cent had increased prom- 
inence of the peripheral pulmonary vascularity. 
Seventy per cent had demonstrably enlarged 
pulmonary veins. None had aortic dilatation. 
Ventricular septal defect, in the view of the 
authors, may be differentiated roentgenograph- 
ically from atrial septal defect by the absence 
of left-sided enlargement in the latter condition, 
and from patent ductus arteriosus in which the 
aorta is enlarged. Such enlargement is rare in 
ventricular septal defect. 

ScHWEDEL 


SURGERY AND 
CARDIOVASCULAR DISEASE 


Shafiroff, B. G. P., and Linder, J.: Effects of Ex- 
ternal Electrical Pacemaker Stimuli on the 
Human Heart. J. Thoracic Surg. 33: 544 
(April), 1957. 

External electric pacemaker stimuli were ap- 
plied through an esophageal electrode in 26 
adult subjects with normal sinus rhythm. In 10 
patients the procedure was done during anes- 
thesia and surgery. Impulses of less than 20 
volts were ineffective, while impulses of 30 to 
50 volts at a rate of 80 to 120 per minute were 
very effective. In all 10 surgical patients, the 
heartbeat was taken over by the pacemaker dur- 
ing the operative procedure. Upon discontinu- 
ance of the pacemaker, prompt reversion to nor- 
mal sinus rhythm occurred in every patient. 


ENSELBERG 
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Barr, R. W., and Sommers, S. C.: Unusual Causes 
of Death after Cardiac Surgery. Am. Heart J. 
53: 232 (Feb.), 1957. 

In this article 7 cases with death from an ) »- 
usual cardiac cause after operations for mit 
or aortic deformity were presented with 
pathologie findings. These ineluded ball-va 
action on a surgically produced mitral regurgi 
tion in an atrial cavity oceupied by a la 
thrombus; an undiagnosed ease of Lutembac \ 
er’s syndrome; traumatic removal of a la 
atrial thrombus; embolization to the right p 
terior vertebral artery; a surgically ruptw 
chorda tendinea of a relatively patulous mit 
valve; cardiae arrest in a patient with corona 
disease but no aortic stenosis as thought p-- 
operatively; and the trauma on the heart sups 
imposed postoperatively by the necessity | f 
re-entering the chest and pericardial cavity b - 
cause of postoperative bleeding. These eas: s 
point out some of the new problems that a 
becoming evident as the causes of death in p 
tients undergoing mitral or aortie valve oper: 
tions now that improvement of surgical techni 
has removed that factor as the most common 
eause of death in these patients. 

SAGALL 


Dimond, E. G., Larsen, W. E., Johnson, W. B., 
and Kittle, C. F.: Post-Traumatic Aortic In 
sufficiency Occurring in Marfan’s Syndrome, 
with Attempted Repair with a Plastic Valve. 
New England J. Med. 256: 8 (Jan. 3), 1957 
The ease of a man aged 33 years is described 

in detail. This patient had many of the skeletal 

and ocular manifestations of Marfan’s syndrome 

After a series of accidents in which the thorax 

was struck bluntly, the patient developed the 

murmur and pulsatile abnormalities of aortic 
insufficiency together with severe pain in the 
chest. A Hufnagel valve was inserted into the 
descending aorta. The patient died of heart fail 
ure 4 months after the surgical procedure. The 
postmortem examination disclosed typical eystic 
medial necrosis of the aorta. There was a healed 
intimal tear 3 em. above the aortie ring. The 
aorta below this tear measured 16 em. in eir- 
cumference, whereas 4 em. distal to it the aorta 
measured 7.5 em. in cireumference. There was 
fenestration of 2 of the aortic valve cusps. At 
the inlet and outlet of the prosthetic valve the 
intima had piled up in such a way as to cause 
almost complete obstruction of the lumen. This 
acquired coarctation was believed to have added 

to the load upon the left ventricle in such a 

way as to cause the progressive congestive heart 

failure. Because the patient had tearing, grind- 
ing pain in the chest at the time of one of the 
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dents and subsequent evidence of aortic in- 
ciency, the authors are of the opinion that 
tear in the intima of the aorta and the 
stration of the aortic valve cusps were trau- 
ie in origin or precipitation. 

RosENBAUM 


cchio, J. F., and Likoff, W.: Effect of Mitral 
ommissurotomy on Co-existing Aortic-Valve 
esions. New England J. Med. 256: 199 (Jan. 
1), 2857. 
hree patients with mitral stenosis and aortic 
vular disease are deseribed. Mitral commis- 
otomy was performed in these patients and 
hin 2 years there developed increasing con- 
tive heart failure and death. The authors 
stulate a series of dynamie events when 
tral obstruction is relieved in the presence of 
corrected aortie valve lesions. It is believed 
it if the mitral commissurotomy improves the 
te of flow into the left ventricle, hemodynamic 
lance is maintained by a more rapid flow 
ross the aortie valve. This greater flow results 
a rise in the pressure gradient, a sequence 
lat initiates myocardial hypertrophy. A second 
jiase in the sequence of events oceurs when the 
myoeardium loses contractility, possibly due to 
alterations in coronary blood flow secondary to 
nyoeardial hypertrophy. In this phase the ven- 
tricle enlarges, the muscle fibers “overstretch” 
and a severe demand for energy output is made 
to sustain the necessary pressure gradient. Pro- 
eressive left-sided failure and ultimately right- 
sided failure appear during this phase. If there 
is aortie valvular insufficiency as well as stenosis 
the diastolic volume of the left ventricle is in- 
creased by both the aortie regurgitation and the 
improved rate of flow through the larger mitral 
orifice and an even greater tension is required in 
the “stretched” myocardium to sustain an ad- 
equate pressure gradient across the diseased 
vortie valve. The authors suggest that if in the 
operating room a significant increase in the 
vradient across the aortic valve is demonstrated 
ter relief of mitral valvular obstruction, there 
probably need for a concomitant aortic com- 
issurotomy. 
RosENBAUM 


eterling, R. A., Jr.: The Current Status of Blood 
Vessel Replacement. Surg., Gynec. & Obst. 104: 
227 (Feb.), 1957. 

This important area in the field of vaseular sur- 
ery, having been opened in 1949, is yet in a de- 
‘lopmental stage. An increasing variety of ma- 
‘rials is being successfully used for arterial 
rafting including arterial homografts and hetero- 
rafts, venous autografts, and synthetic products 
f solid or woven construction. Homografts seem 
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superior for treating peripheral segmental ar- 
terial occlusion, while in aortic or iliac grafting 
similar results may be obtained with suitable syn- 
thetic material. Venous autografts are used only 
as peripheral arterial replacements. Bovine and 
equine heterografting is in the animal testing 
stage; and, since they incite considerable inflam- 
matory reaction, these grafts are more prone to 
rupture or thrombosis than those of other sources. 
Of the synthetics, Dacron—because of its stable 
tensile strength, inertness, low water uptake, and 
ease of use—is presently favored somewhat over 
Nylon, Vinyon-N, Orlon, or Teflon. These sub- 
stances are woven or braided into porous tubes 
that in situ become reinforced by the infiltration of 
fibrous tissue. Greater care is required in the place- 
ment of a synthetic than a natural graft; and 
failures have resulted primarily from thrombosis, 
probably related to inelasticity and buckling. The 
success of a graft often depends more on clinical 
judgment in the selection of the patient and on 
the surgical technic than on the type of graft 
used. 
ROGERS 


Taufic, M., Lewis, F. J., and Bashour, F. A.: Con- 
duction Disturbances Following Experimental 
Production of Interventricular Septal Defects. 
Surg., Gynec. & Obst. 104: 68 (Jan.), 1957. 
Ventricular septal defects were created in hy- 

pothermie dogs (27 C.) by means of a hemostat 

or scalpel incision sufficient for the placement of 

a lucite tube 7 to 12 mm. in external diameter. 

In the 10 dogs receiving a defect in the ventral 

portion of the septum, either immediately below 

the pulmonic valve or at a midseptal level, the 
electrocardiogram remained normal for as long as 

21 months, despite the existence of a left-to-right 

shunt. In the 42 dogs having a defect created in 

the dorsal septum at the septal crest (where hu- 
man congenital septal defects often oceur and 
where the right bundle-branch courses), right 
bundle-branch block was found postoperatively in 

19, persisting in 17; and complete heart block was 

found in 12, persisting in 6. These conduction dis- 

turbances were attributed to the direct injury of 
grossly identifiable components of the conducting 
system and were believed to be unrelated to the 
hypothermia. 

RoGEeRSs 


Harrison, J. H.: The Use of Teflon as a Blood 
Vessel Replacement in Experimental Animals. 
Surg., Gynee. & Obst. 104: 81 (Jan.), 1957. 
Teflon arterial grafts in 60 dogs were observed 

for as long as 6 months. All of 18 thoracie aortic 

grafts, fashioned by a sewing machine from Teflon 
weaves of types TF-208 and TF-210, functioned 
well. Of 30 abdominal aortic grafts made ot 
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woven Teflon tubes, 27 remained patent, and 3 
thrombosed 2 to 3 weeks after their insertion. 
Eleven of 12 Teflon tubes 4 mm. in diameter used 
as earotid or femoral grafts became thrombosed, 
and the author doubts that any of the synthetic 
materials now in use will serve satisfactorily for 
replacing vessels less than 5 mm. in diameter. The 
author considers Teflon grafts superior to those 
of Dacron, Orlon, Nylon or Ivalon sponge because 
of Tefion’s maintenance or actual gain of high- 
tensile strength and its incitement of less tissue 
reaction. The pretreatment of Teflon by boiling 
in concentrated nitric and in sulfuric acid is de- 
sirable, since tissue reaction is reduced and _ heal- 
ing is more rapid while tensile strength is not 
significantly lowered. Stiffness is a shortcoming 
of Teflon that may be overcome if it can be pro- 
duced in smaller fiber size. 
E.NSELBERG 


Marcus, E., Hasbrouck, E. E., and Wong, S. N. 
T.: Myocardial Revascularization. Experimen- 
tal and Clinical Critique. Arch. Surg. 74: 225 
(Feb.), 1957. 

Experimental and clinical efforts aimed at re- 
vascularization of the myocardium are reported. 
A brief review of the problem of coronary artery 
disease and previous efforts at producing myo- 
cardial revascularization precede the presenta- 
tion of the experimental and clinical data. 

The experimental work was carried out on 
dogs and consisted of ligation of the coronary 
arterial system at different points and the prep- 
aration of the hearts, after death, by an injec- 
tion-corrosion technic to demonstrate anasto- 
moses. One-half of all normal dog hearts showed 
excellent anastomoses—indeed some appeared to 
have as rich an arterial vasculature as the “after- 
operation” specimens published by others. Mul- 
tiple ligations of small twigs near the apex was 
associated with a mortality rate of 20 per cent 
between 24 and 72 hours after operation. Liga- 
tion of the descending branch of the left cor- 
onary artery yielded a 23 per cent mortality 
rate. In the latter group, the animals that sur- 
vived were subsequently autopsied and a marked 
adhesive pericarditis was found. In the animals 
that died it was found that the septal branch 
had also been ligated along with the descending 
branch of the left coronary artery. More than 
half of the animals autopsied 3 to 5 weeks after 
complete coronary sinus ligation showed a di- 
minished number of venous channels in the myo- 
cardium and a richer arterial vasculature. Autop- 
sy 6 to 12 months after ligation of the coronary 
sinus did not reveal a rich myocardial arterial 
tree. 


Coronary sinus ligation with cardiopericar- 
diopexy was performed in 5 patients. Brief sum- 
maries of these cases indicate improvement in 
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all 5 patients and 1 late mortality occurring | 
vear after surgery. 
BROTHERS 


Ratcliff, J. W., Hurt, R. L., Belmonte, B., aid 
Gerbode, F.: The Physiologic Effects of E - 
perimental Total Pulmonary Insufficiency. Su - 
gery 41: 43 (Jan.), 1957. 

The physiologie and pathologie changes oceu - 
ring in 13 dogs following complete excision of t] 
pulmonary valve were studied. None of the do; ; 
developed right-sided failure or an increase 
systemic venous pressure in the 6- to 10-mont 
period between operation and autopsy. Dilatati: 
and hypertrophy of the right ventricle oceurre: 
Hypertrophy was demonstrated by changes in tl 
weight ratios of right to left ventricle and hea 
to body weight. The right ventricle was heavir 
than the left in 6 dogs. Four dogs were able t 
withstand 20 minutes of exercise daily, on 
treadmill at 6 to 8 miles per hour, without ay 
parent ill effect. Preoperative and postoperativ 
cardiac catheterization studies were performed ii 
11 dogs. The right ventricular pressure was in 
creased by 9 mm. Hg or more in 7 animals an 
virtually unchanged in 4. Pulmonary artery pres 
sure was increased in 8 and could not be obtaine: 
because of technical difficulties in 3. Cardiae out 
put was increased in 4 animals and decreased in 4 
In view of the very definite structural change: 
apparent in the hearts after sacrifice, cardia 
failure would very likely have been the ultimate 
fate of the animals. 

BROTHERS 


Kay, J. H., Gaertner, R. A., Isaacs, J. P., and 
Dever, R.: Coronary and Carotid Artery Per- 
fusion During Total By-Pass of the Heart. J. 
Thoracic Surg. 33: 526 (April), 1957. 

The authors deseribe a method of perfusing the 
coronary and carotid arteries from a reservoir of 
heparinized arterial blood during cardiac by-pass 
in dogs. This method was tried because of dis- 
couraging experiences when the entire animal was 
perfused. In the early experiments, with the 
aorta and both brachial arteries clamped, cord 
damage occurred after a few minutes. However 
this was minimized when hypothermia was em- 
ployed. Hypothermia was found to be relatively 
safe, so far as ventricular fibrillation was con- 
cerned, when rectal temperatures were maintained 
at 30 to 32 C. Neither pulmonary artery perfusion, 
digitalization, nor inflation of the lungs appeared 
to be important factors in influencing survival 
rate. Blood pressure had to be maintained at a 
level of at least 85 mm. Hg during the by-pass 
period. In the last 25 experiments it was possible 
to open the right ventricle for 30 minutes in a 
group of 21 long-term survivors. 

E.NSELBERG 





AMERICAN HEART ASSOCIATION, INC. 


44 East 23rd Street, New York 10, N. Y. 
Telephone Gramercy 7-9170 


RE ‘ORD SUM ALLOCATED BY AHA 
TO 183 INVESTIGATORS 

. record sum of approximately $1,465,000 
has been allocated by the American Heart 
As: ciation to support 183 investigators and 
to -rovide five special departmental grants 
du: ng the fiscal year starting July 1, 1958. 
Sti! to be awarded are grants-in-aid for re- 
seach projects which will be announced later 
thi: year. The national research program is 
supported jointly by the Heart Association 
and its state and local affiliates. 

‘he initial 1958-1959 Heart Association re- 
search awards include several innovations. A 
new category, Advanced Research Fellow- 
ship, has been added, with stipends ranging 
from $4,600 to $6,500 per annum (according 
to number of dependents.) A sum of $500 will 
be paid to the department in which each 
Advanced Research Fellow works. Recipients 
of this award will constitute a group between 
the Research Fellow and the Established In- 
vestigator. 

‘lo help meet rising costs of living and of 
research, stipends and allotments have been 
The annual base stipend of all 
Esiablished Investigators will be increased by 


increased, 


$900. They will also receive an allowance 
of $500 for each dependent. For the first 
time, an additional sum of $500 to help de- 
fray expenses incurred by the investigator’s 
seareh will be alloted to the department in 
‘}ich he works. 
neluded in this year’s allocations are three 
‘reer Investigators, 84 Established In- 
tigatorships, 34 Advanced Research Fel- 
‘ships and 62 Research Fellowships. Six 
the Established Investigators will receive 
i sultaneous grants to provide technical as- 
‘i tance and other technical aid for their 
jects. In addition, 5 special departmental 
ints have been awarded. 


The $1,465,000 awarded in these categories 
represents an increase of $488,000 over the 
$977,000 awarded last year, exclusive of 
Grants-in-Aid. In the year 1957-58 it is 
estimated that the combined research alloca- 
tions of the American Heart Association 
and its affiliates and chapters will reach 
$7,000,000. 

A complete list of award recipients appears 


at the end of this section. 


AHA SCIENTIFIC SESSIONS: 
DEADLINE FOR ABSTRACTS 
IS JUNE 13, 1958 

The Heart Association urges early sub- 
mission of abstracts of scientific papers to 
be presented at the 31st Annual Scientific 
Sessions of the Association in San Fran- 
cisco, October 24-26. Deadline-is June 13, 
1958. 

Papers intended for presentation should 
be based on original investigations in or 
related to the cardiovascular field. Ab- 
stracts will be accepted only on forms 
which are obtainable from F. J. Lewy, 
M.D., Assistant Medical Director, Ameri- 
ean Heart Association, 44 East 23rd Street, 
New York 10, N.Y. 

The Scientific Sessions will feature a 
section for scientific and industrial ex- 


Requests for space for scientific 


hibits. 
exhibits must be made on application forms 
obtainable from Dr. Lewy. Applications 
must be submitted not later than June 13, 
1958. Applications for industrial ex- 
hibits may be requested through Steven K. 
Herlitz, Ine., 280 Madison Avenue, New 
York 16, N.Y. 
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HAWAII TO CONDUCT 
POST-MEETING SESSIONS 

Following the 3lst Annual Scientific Ses- 
sions of the American Heart Association in 
San Francisco, October 24-26, a post-meet- 
ing tour which includes two days of scientific 
sessions will be conducted by the Hawaii 
Heart Association. Arrangements to attend 
should be made through H. Douglas Chisholm, 
Associate Director of Administration, Ameri- 
can Heart Association, 44 East 23rd Street, 
New York, N.Y., or directly through the 
American Express Company, 65 Broadway 


New York, N.Y. 


DR. GEORGE E. WAKERLIN 
APPOINTED MEDICAL DIRECTOR 
OF AMERICAN HEART ASSOCIATION 


George E. Wakerlin, M.D., formerly Pro- 
fessor and Head of the Department of Phy- 
siology, University of Illinois College of 
Medicine, Chicago, has been appointed Medi- 
eal Director of the American Heart Associa- 
tion. 

In his new position, Dr. Wakerlin will plan 


and direct the medical and scientific pro- 
grams of the Association. He fills the post 
held by Dr. Eugene B. Ferris until his un- 
timely death from a heart attack last Sep- 
tember. 

Before assuming his position at the Uni- 
versity of Illinois College of Medicine in 
1937, Dr. Wakerlin was successively Assist- 
ant, Associate and full Professor and Head 
of the Department of Physiology and Phar- 
macology at the University of Louisville. The 
new Medical Director previously served the 
American Heart Association as Chairman of 
the Medical Advisory Board of the Council 
on High Blood Pressure Research, as Chair- 
man of the Committee on Professional Educa- 
tion, and as a member of the Scientific 
Council. He has been a member of the Asso- 
ciation’s Council for Community Service and 
Education and of the Editorial Board of 
Circulation. 

Dr. Wakerlin, who has devoted twenty- 
five years of his career as a medical investiga- 
tor to the study of high blood pressure, is a 
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former member of the Executive Committ: 
and Board of Governors of the Chicago Hea) 
Association. He is also past-President <f 
the Chicago Nutrition Association and his 
served, as well, as Vice President of the Ch - 
eago Society for Internal Medicine and <¢s 
Chairman of the Illinois Section of th: 
Society for Experimental Biology and Med - 
cine. He is a member of the American 
ciety for the Study of Arteriosclerosis. 

Dr. Wakerlin was born and educated i 
Chicago. He received his Ph.D. degree a 
the University of Chicago in 1926 and hi 
medical degree at the University’s Rus 
Medical College in 1929. He is widely know: 
as a lecturer and has published numerou 
scientific papers. 


1957 AHA ANNUAL REPORT ISSUED 

The recently issued 1957 Annual Report o 
the American Heart Association, entitled 
‘““The First Deeade,’’ traces the growth o 
the organized struggle against heart disease 
since 1948, when the Association was re 
constituted as a national voluntary health 
agency. Included is a review of advances in 
cardiovascular medicine and research during 
this period. 

In its summary of events in 1957, the re 


THIRD WORLD CONGRESS 
OF CARDIOLOGY 


Brussels, September 14-21, 1958 


IMPORTANT REMINDER 

The officers of the Third World Congress 
of Cardiology wish to remind all physi- 
cians who plan to attend the Congress 
that registration blanks and fees should be 
forwarded as soon as possible. 

The deadline for registration is set defi- 
nitely for May 1, 1958. Information about 
the registration and blanks for hotel ac- 
commodations, may be obtained from the 
American Heart Association, 44 East 23rd 
Street, New York 10, N.Y. 

For information other than registration 
and blanks write directly to: Dr. Fr. Van 
Dooren, 80 rue Mereelis, Brussels, Belgium. 
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‘t notes that the percentage of funds spent 
support of research by the Association’s 
ional office rose to 56.5 per cent. It points 
that a total of $31,406,303 has been chan- 
ed into research by the Association and 
state and local affiliates over the 10-year 
iod. 


NBC-TV RESEARCH SERIES 
BEING PRESENTED BY AHA 


\ new series of television programs de- 

ied to interest young people in careers as 

arch investigators is currently being pres- 

‘d by NBC-TV and the American Heart 

ociation in cooperation with the Eduea- 
tioial Television and Radio Center. Assisted 
y a grant from E.R. Squibb and Sons, a 
division of Olin Mathieson Chemical Corpo- 
raiion, the programs may be seen on Mon- 
days from 6 to 6:30 p.m., EST over stations 
of the Educational Television network and 
on some regular NBC-TV network stations. 
Kinesecopes will be shown later on a delayed 
broadeast basis. Local Heart Associations 
will use the kineseopes in connection with 
their programs to stimulate young people to 
choose careers in the health field. 


ARTERIOSCLEROSIS SOCIETY 
ABSTRACTS DUE MAY 31 


May 31, 1958 is the deadline for submitting 
abstracts of papers to be presented at the 
Annual Meeting of the American Society for 
the Study of Arteriosclerosis in San Fran- 
cisco, October 24-26. Abstracts should be 
seit in quadruplicate to Forrest Kendall, 
Pl.D., Goldwater Memorial Hospital, Wel- 
fave Island 17, N.Y. The Society will hold 

meeting simultaneously with the Annual 
“entific Sessions of the American Heart 

ociation. Several joint programs are be- 
planned at that time. 


CARDIOVASCULAR TRAINING 
ROGRAM AT GEORGIA COLLEGE 
“he Heart Association and the National 

Hart Institute are jointly sponsoring a 
Pi stgraduate Cardiovascular Research and 
T aining Program to be conducted beginning 
Ji ly 1 in the Department of Physiology and 
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Pharmacology at the Medical College of 
Georgia, Augusta. Trainees will receive a 
stipend of $3800 plus $350 for each dependent 
and allotments to cover certain other ex- 
penses. Appointments will be for one year. 
Applications may be obtained from either 
W. F. Hamilton, M.D., or R.P. Ahlquist, 
M.D., directors of the program, Medical 
College of Georgia. 


STEROID BIOCHEMISTRY 
TRAINING PROGRAM 

A Training Program for Steroid Biochem- 
istry, sponsored by the National Cancer 
Institute of the National Institutes of Health, 
will begin October 1, 1958 at the Worcester 
Foundation for Experimental Biology, Wor- 
cester, Mass. Two groups of candidates will 
be selected for training. Postdoctoral ecan- 
didates having an M.D. or Ph.D. degree will 
receive $5000 for a one-year training period. 
Candidates with a B.S. or M.S. degree or 
equivalent training will receive $1500 for a 
6 months’ period. Applications, which close 
June 1, 1958, may be obtained from the 
Department of Chemistry, Clark University, 
Worcester, Mass. 


MEETINGS CALENDAR 
April 13-14: American Society for Artificial 


Internal Organs, Philadelphia. George E. 
Schreiner, M.D., Benjamin Franklin Hotel, 
Philadelphia, Pa. 

April 14: Ohio State Heart Association Annual 
Meeting, Scientific Session on Arteriosclerosis, 
Cincinnati. Walter S. Page, Jr., 131 E. State 
Street, Columbus 15, Ohio. 

April 16-18: American Surgical Association, New 
York, R. K. Gilehrist, 59 E. Madison Street, 
Chicago 3, Tl. 

April 24-26: Fifth International Congress of 
Internal Medicine, Philadelphia. E. R. Love- 
land, 4200 Pine Street, Philadelphia 4, Pa. 

April 28-May 2: American College of Physicians, 
Atlantic City. E. R. Loveland, 4200 Pine 
Street, Philadelphia 4, Pa. 

May 4: American Federation for Clinical Re- 
search, Atlantie City. William W. Stead, 
VA Hospital, Minneapolis 17, Minn. 

May 5: American Society for Clinical Investiga- 
tion, Atlantie City. S. J. Farber, 550 First 
Ave., New York 16, N.Y. 

May 6-7: Association of American Physicians, 
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Atlantie City. P. R. Beeson, Yale University 
School of Medicine, New Haven 11, Conn. 

May 8-9: American Pediatrie Society, Atlantic 
City. A. C. MeGuinness, 2800 Quebee Street, 
N.W., Washington 8, D.C. 

June 21: International Cardiovascular Society, 
North American Chapter, San Francisco. 
Henry Haimovici, M.D., 105 East 90th Street, 
New York 28, N.Y. 

June 23-27: American Medical Association, San 
Francisco. George F. Lull, 535 N. Dearborn, 
Chieago 10, II. 

August 11-14: National Medical Association, 
Milwaukee. John T. Givens, 1108 Chureh 
Street, Norfolk 10, Va. 

August 24-29: Congress of Physical Medicine 
and Rehabilitation, Philadelphia. Frances 
Baker, 1 Tilton Street, San Mateo, Calif. 

October 24-26: American Heart Association, 31st 
Annual Scientific Sessions, San Francisco. 
American Heart Association, 44 East 23rd 
Street, New York 10, N.Y. 


ABROAD 

April 16-19: International Academy of Legal 
Medicine and Social Medicine, 50th Interna- 
tional Congress, Madrid. Prof. B. Piga, Pro- 
fessor of Legal Medicine, Madrid University, 
Madrid, Spain. 

June 15-19: Canadian Medical Association, 91st 
Annual Meeting, Halifax, Nova Seotia. Cana- 
dian Medieal Association, 244 George Street, 
Toronto 5, Canada. 

September 14-21: Third World Congress of Car- 
diology, Brussels. Dr. F. Van Dooren, 80 Rue 
Mereelis, Brussels, Belgium. 


AHA AWARD RECIPIENTS 
Following is a list of investigators selected 
for support during the fiscal year beginning 
July 1, 1958 by the Heart Association’s Re- 
search Committee. 


Career Investigators 
Coons, Albert ., 
School, Boston. 
Lorber, Victor, University of Minnesota Medical 
School, Minneapolis. 
Pappenheimer, John R., Harvard University Med- 
ical School, Boston. 


Harvard University Medical 


Continued Established Investigators 
Abelmann, Walter H., The circulation in disorders 
of metabolism and the regulatory role of the 
liver. Boston City Hospital and Harvard Uni- 
versity Medical School, Boston. 
Barker, Earl S., Studies in renal physiology, nor- 
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mal and pathological. Hospital of the Uniyor. 
sity of Pennsylvania, Philadelphia. 

Beck, William S., Rate behavior in metab: lic 
multi-enzyme systems. Massachusetts Gen; 
Hospital, Boston. 

Benesch, Reinhold, The role of sulfhydryl and 
sulfide groups in biological systems. Ma 
Biological Laboratory, Woods Hole, Mass. 

Boyle, Edwin, Jr., Comparative studies in ] 
protein transport and metabolism concer , 
atherosclerosis in man, monkey and pigs. M 
cal College of South Carolina, Charleston. 

Brewster, William R., Jr., THemodynamie 
metabolic interrelationships and mechanism 
action of the thyroid hormones sympathoa: :e- 
nal hormones, and the adrenal cortical stero 
Massachusetts General Hospital, Boston. 

Briller, Stanley, A., Energeties of the myoeardi ; 
University of Pennsylvania School of Medi: 
Philadelphia. 

Brodsky, William A., Renal and electrolyte me 
olism. University of Louisville School of M 
cine, Louisville. 

Cohn, Mildred, Mechanisms of phosphoryla 
and phosphate transfer reactions. Washington 
University School of Medicine, St. Louis. 

Combes, Burton, Hepatie metabolism during hepa- 
toportal hemodynamie adjustments. The Univer- 
sity of Texas Southwestern Medical Sehool, 
Dallas. 

Conn, Hadley L., Jr., A study of the alterations in 
pressure-volume-flow relationships within the 
cardiovascular system produced by direct car- 
diovascular stresses, and the effect of these al- 
terations on transeapillary kinetics and organ 
uetabolism. Hospital and School of Medicine 
of the University of Pennsylvania, Philadelphia. 

Drell, William, Biochemieal studies of the sympa- 
thetic nervous system in relation to ecardiovas- 
cular function. University of California School 
of Medicine, Los Angeles. 

DuBois, Arthur B., Gas exchange in the lungs. 
mechanics of breathing and pulmonary capil- 
lary blood flow. University of Pennsylvania 
Graduate School of Medicine, Philadelphia 

Eckstein, Richard W., Effect of coronary narrow- 
ing, exercise and the thyroid hormone on coro- 
nary collateral circulation; coronary shock and 
coronary collateral circulation. Western Res«rve 
University School of Medicine, Cleveland. 

Elkinton, J. Russell, Interrelationships of earlio- 
vascular functions and electrolyte physiol zy. 
University of Pennsylvania School of Medic ne, 
Philadelphia. 

Epstein, Franklin H., Metabolic and ceireula ory 
factors affecting the distribution and excre ion 
of water and electrolytes. Yale University Se ool 
of Medicine, New Haven. 
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F rber, Saul, J., The role of electrolytes and their 
elationship to extracellular and intracellular 
rganie constituents in heart disease and other 
liseases producing edema. New York University 
‘ollege of Medicine, New York. 
rell, Gordon L., The physiological factors 
vhich regulate the secretion of aldosterone. 
Vestern Reserve University School of Medicine, 
‘leveland. 

I .nerty, Frank A., Jr., Further studies on the 
athogenesis of toxemia of pregnancy and other 
ypes of acute hypertension. District of Colum- 
ia General Hospital, Washington, D.C. 

F rvin, Martin, Jr., Research in enzyme chemistry 
ind intermediary metabolism. National Heart 
nstitute, Bethesda, Md. 

fF ulkes, Ernest C., Fundamental mechanisms of 
‘lectrolyte transport across biological mem- 
yranes. May Institute for Medical Research of 
he Jewish Hospital Association, Cincinnati. 

Gamble, James, L., Jr., Studies of mitochondrial 
unction in relation to electrolyte transport. 
Johns Hopkins University School of Medicine, 
Baltimore. 

(ibson, David M., Enzymatie synthesis of fatty 
acids in animal tissues. Institute for Enzyme 
Research, University of Wisconsin, Madison. 

(riebisch, Gerhard, Ion transport across renal tu- 
bules of the amphibian and mammalian kidney, 
utilizing micropuncture techniques. Cornell Uni- 
versity Medical College, New York. 

(ioldthwait, David A., The biosynthesis of purine 
nucleotides and of ribonucleic acid. Western Re- 
serve University School of Medicine, Cleveland. 

Goodall, McChesney, Jr., (1) Biosynthesis of 
adrenalin and noradrenalin in adrenal elands 
und sympathetic nerves. (2) Study of various 
factors, i.e., burns, x-irradiation, “g’’ exposure, 
thyroxin anxiety, ete., which affect the biosyn- 
thesis and/or the secretion of these hormones. 
(3) Study of the urinary eatabolites of adrena- 
lin and noradrenalin. Duke University School 
f Medicine, Durham, N. C. 

(vodyer, Allan V. N., Hemodynamie factors af- 
fecting electrolyte metabolism and the renal ex- 
cretion of electrolytes. Yale University School 
f Medicine, New Haven. 

( ttschalk, Carl W., A micropuneture study of 
didney funetion. University of North Carolina 
School of Medicine, Chapel Hill, N. C. 

(i oss, Jerome, Studies on the structure, composi- 
tion, genesis, function and malfunetion of con- 
neetive tissues. Massachusetts General Hospital, 
Boston. 

/ svel, Richard J., Mechanisms of lipid transport 
ind the relation of altered lipid transport to 
itherogenesis. University of California School 
f Medicine, San Francisco. 
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Huckabee, William E., Metabolic reactions to eir- 
culatory disturbances and their role in the eon- 
trol of the circulation. Massachusetts Memorial 
Hospitals, Boston. 

Kaplan, Melvin H., Localization of tissue-deposit- 
ed streptococcal antigens and antibodies in ani- 
mal and human tissues by means of the fluor- 
escein-labeling technique; study of the patho- 
genesis of rheumatie fever and rheumatic heart 
disease in relationship to the autoimmune 
theory of pathogenesis. Cuyahoga County Hos- 
pital, Cleveland. 

Katz, Yale J., Studies on renal revaseularization 
in experimental hypertension and renal insuf- 
ficiency. University of Southern California 
School of Medicine, Los Angeles. 

Kun, Ernest, Pathway of the metabolism of hy- 
droxy acids. University of California School 
of Medicine, San Francisco. 

Kuo, Peter T., Intravaseular distribution of lipid 
particles in clinical arteriosclerosis. University 
of Pennsylvania Hospital and School of Medi- 
cine, Philadelphia. 

Lazzarini, Abel A., Jr., Studies of the metabolic 
and immunological changes occurring in trans- 
planted tissues. New York University Post- 
Graduate Medical School, New York. 

Lewis, David H., The regulation of the circulation 
in man. Philadelphia General Hospital, Phila- 
delphia. 

Linker, Alfred, Studies on mucopolysaccharides. 
Columbia University College of Physicians and 
Surgeons, New York. 


Mackler, Bruce, Studies on the metabolic sequences 


involved in electron transport in mammalian tis- 
sues. Washington University School of Medi- 
eine, Seattle. 

Mann, George V., Cause and prevention of athero- 
sclerosis. Vanderbilt University School of Medi- 
cine, Nashville. 

Mateer, Frank M., Application and assessment of 
hemodialysis and other forms of treatment in 
clinical and experimental renal insufficiency and 
the cardiovascular effects of such procedures. 
University of Pittsburgh School of Medicine, 
Pittsburgh. 

Mathews, Martin B., The physical chemistry of the 
acid mucopolysaccharides of connective tissue 
and their protein complexes. La Rabida-Univer- 
sity of Chicago Institute, Chicago. 

Metcalfe, James, Changes in the maternal cireula- 
tion during pregnancy and labor. Boston Lying- 
in Hospital, Boston. 

Mommaerts, Wilfried F. H. M., Chemical-physio- 
logical studies on contractile tissues. University 
of California Medical Center, Los Angeles. 

Nelson, Clifford V., (1) The mechanism of fibril- 
lation. (2) Quantitation of the vectorcardio- 
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gram. Maine Medical Center, Portland, Me. 

Padawer, Jacques, Physiology of the mast cell and 
its relation to cardiovascular function and dis- 
ease. Albert Einstein College of Medicine of 
Yeshiva University, New York. 

Perry, Horace, M., Jr., A study of pathogenesis 
and treatment of hypertension and atheroscle- 
rosis. Washington University School of Medi- 
cine, St. Louis. 

Ressler, Charlotte, Studies on the separation of 
the multiple physiological activities of certain 
polypeptides or proteins. Cornell University 
Medical College, New York. 

Richmond, Jonas E., The role of the prosthetic 
group of proteins in the biosynthesis and me- 
tabolism of conjugated proteins. Harvard Uni- 
versity Medical School, Boston. 

Rudolph, Abraham M., Pulmonary hypertension 
in congenital heart disease. Children’s Medical 
Center, Boston. 

Sanadi, D. Rao, Studies on biological oxidation 
and coupled phosphorylation. University of Cal- 
ifornia School of Medicine, Berkeley. 

Schmidt-Nielsen, Bodil M., Comparative kidney 
physiology. Duke University, Durham, N. C. 

Schwartz, William B., Disorders of electrolyte me- 
tabolism and kidney function. New England 
Center Hospital, Boston. 

Schweet, Richard S., The biological synthesis of 
protein. City of Hope Medical Center, Duarte, 
Cal. 

Sharp, John T., The physical properties of the 
lungs in pulmonary edema; studies on the mech- 
anism of increased pulmonary vascular resist- 
anee. University of Buffalo School of Medicine 
and The Buffalo General Hospital, Buffalo. 

Singer, Thomas P., Studies on oxidative metabo- 
lism of heart tissue. Edsel B. Ford Institute for 
Medieal Research, Henry Ford Hospital, Detroit. 

Slade, Hutton D., Biochemistry of the group A 
hemolytic streptococcus. Northwestern Univer- 
sity Medical School, Chicago. 

Spencer, Merrill, P., Factors affecting distribution 
of eardiae output. Bowman Gray School of 
Medicine of Wake Forest College, Winston- 
Salem, N. C. 

Sprinson, David B., (1) Biochemistry of one-car- 
bon intermediates. (2) Biosynthesis of aromatic 
compounds in bacteria. Columbia University 
College of Physicians and Surgeons, New York. 

Staple, Ezra, Studies in metabolism of cholesterol, 
mechanisms of synthesis and breakdown of re- 
lated substances. University of Pennsylvania 
School of Medicine, Philadelphia. 

Stavitsky, Abram B., Studies on basic mechanisms 
of antibody synthesis; studies on basic cellular 
mechanisms of allergic reactions. Western Re- 
serve University School of Medicine, Cleveland. 
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Szent-Gyorgyi, Andrew G., Studies on the stru 
ture of myosin. Institute for Muscle Researc 
Woods Hole, Mass. 

Thal, Alan P., (1) Revaseularization of the my 
sardium; an experimental study designed to ti 
the feasibility of a direct suture anastomosis 
extracardiae arteries to the coronary arteri 
(2) The mechanism of action of bacteria a 
bacterial toxins on small blood vessels with p: 
ticular reference to bacterial shock. Universi 
of Minnesota Medical School, Minneapolis. 

Ulrich, Frank, The metabolic fate and mechani 
(s) of action of adrenal cortical hormones 
the peripheral tissues. Yale University School 
Medicine, New Haven. 

Walker, W. Gordon, (1) Plasma protein metal 
lism, capillary protein permeability and ¢ 
culatory homeostasis. (2) Hyponatremia 
congestive heart failure. (3) Studies on ek. 
trolyte permeability in the gut. Johns Hopki 
Hospital, Baltimore. 

Wessler, Stanford, Pathogenesis of intravascul 
thrombosis. Beth Israel Hospital and Harva 
University Medical School, Boston. 

Zweifach, Benjamin W., Histochemical and micro 
chemical analysis of structural elements of 
blood-tissue barrier. New York University Col- 
lege of Medicine, New York. 


New Established Investigators 


Albrink, Margaret Joralemon, Effect of metabolic 
and nutritional factors on serum lipids. Yale 
University School of Medicine, New Haven. 

Daly, Marie M., Arterial metabolism in hyper- 
tension. Goldwater Memorial Hospital, Welfare 
Island, N. Y. 

Durbin, Richard P., Transport of water and HCl 
by the stomach. University of London, London, 
England. 

Eckstein, John W., Venomotor responses to cireu- 
latory alterations in man. State University of 
Iowa College of Medicine, Iowa City. 

Fresco, Jacques Robert, Macromolecular aspects of 
nucleic acid structure and funetion. Harvard 
University, Cambridge. 

Gidez, Lewis Irwin, A study of the factors deter- 
mining serum lipid composition and concentri- 
tion. Albert Einstein College of Medicine, 
Yeshiva University, New York 

Gilbert, James Bryson, The role and the site : 
binding of the metal ion in metal-containing «° 
metal-activated enzymes. University of Califo 
nia, Berkeley. 

Gitlin, David, Studies on blood and tissue pr: 
teins. Carlsburg Laboratory, Copenhagen, Dei 
mark. 

Jacobs, Earl Edwin, A study of the structural fa 
tors involved in mitochondrial oxidative pho 
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horylation mechanisms. Institute for Enzyme 
esearch, The University of Wisconsin, Madison. 

Pi *, Ruth, Pathogenesis of atherosclerosis and its 
‘quelae. Medical Research Institute, Michael 
‘eese Hospital, Chicago. 

8; inger, Georg F., Plant polysaccharides in re- 
ition to lipemia clearing, coagulation, blood 
roup specificity and infectious mononucleosis. 
lospital of the University of Pennsylvania, 
’hiladelphia. 


istablished Investigators-Grantees 


C. rcoran, John W., A study of the metabolism of 
he branched chain monosaccharides, and their 
ole in the mammalian and bacterial cell. West- 
rn Reserve University School of Medicine, 
‘leveland. 

G. idstein, Robert, Isolation and identification of 
rothrombin and “serum factors: Investiga- 
ion of their role in coagulation and thrombosis. 
New England Center Hospital, Boston. 

Henly, Walter Samuel, Determination of myoear- 
lial blood flow in the intact subject utilizing 
adio-iodinated (I) human serum albumin. 
Baylor University College of Medicine, Houston. 

Khairallah, Philip A., Studies on reactivity of 
blood vessels. The Cleveland Clinie Foundation, 
Cleveland. : 

Lilienfield, Lawrence Spencer, The intrarenal cir- 
culation. Georgetown University Medical Cen- 
ter, Washington, D.C. 

Rubin, Albert L., Investigation of the metabolic 
alterations in the uremie syndrome. Cornell 
University Medical College and New York Hos- 
pital, New York. 


Advanced Research Fellows 


Bhonslay, Shivaji B., (1) Pulmonary changes dur- 
ing extra-corporeal cireulation. (2) Metabolic 
changes occurring during extra-corporeal cireu- 
lation and their relation and degree to different 
arterial flows. Under Ralph A. Deterling, Jr., 
‘olumbia-Presbyterian Medical Center, New 
York. 

B ucot, Nancy George, Alterations in metabolism 
in renal disease (with preliminary work in in- 
termediary metabolism in the normal animal). 
Under A. Baird Hastings and James Ashmore, 
Harvard University Medical School, Boston. 

ady, Allan J., Myoeardial tension related to 

transmembrane potentials and ion fluxes. Under 

Wilfried F. H. M. Mommaerts, University of 

‘alifornia Medical Center, Los Angeles. 

eng, Tsung O., Respiratory and circulatory 

changes during exercise. Under Richard L. Riley, 

The Johns Hopkins University and Hospital, 

Baltimore. 

‘hn, George L., The formation of an “aldoster- 

one-like” compound by the liver of patients with 
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congestive heart failure after the intravenous 
administration of cortisol. Under Philip K. 
Bondy, Yale University School of Medicine, 
New Haven. 

Connor, William E., Lipid metabolism and blood 
coagulation in atherosclerosis. Under Walter 
M. Kirkendall, State University of Iowa Col- 
lege of Medicine, Iowa City. 

Conway, F. James, Clinical and hemodynamie ef- 
feets of structural changes in the arteries in hy- 
pertension. Under Sibley W. Hoobler, Univer- 
sity of Michigan Medical School, Ann Arbor. 

DeWall, Richard Allison, Perfusion techniques for 
reparative open intracardiac surgery. Under C. 
Walton Lillehei, University of Minnesota Medi- 
-al School, Minneapolis. 

Dickerman, Herbert William, Purification of ani- 
mal tissue diphosphopyridine nucleotidases and 
their mechanism of action. Under Nathan O. 
Kaplan, Brandeis University, Waltham, Mass. 
and Anthony San Pietro, MeCollum-Pratt In- 
stitute Johns Hopkins University, Baltimore. 
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Societies, not as a loan but as a permanent contribution. 


ready now for distribution 
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Meeting, American Medical Association, New York, June 3-7, 1957. 
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Robert P. Glover, Julio C. Davila and Robert G. Trout (Philadelphia) « Billings Gold 
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The Direct (Open) Surgical Repair of Congenital and Acquired Intracardiac Mal- 
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library of Filmstrips of Scientific Exhibits now, should address their requests to: 
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Individual physicians who wish to arrange showings such as at hospital staff meetings 
should contact the secretary of their Medical Society or Medical School librarian. 





APRIL 195 


Circulation = =, 


PART ONE 


OFFICIAL JOURNAL of the AMERICAN HEART ASSOCIATION 


CONTENTS 


EDITORIAL 
INTERPRETATION OF CARDIOVASCULAR PRESSURE PuLsEs. David F. Opdyke.. 


PRESIDENTIAL ADDRESS: OuR SEconp Decape. Robert W. Wilkins 


THe Grorce E. Brown MemoriaAL LECTURE: CURRENT STATUS OF THE PROB- 
LEM OF THROMBOsIS. Nelson W. Barker 


TREATMENT OF HYPERCHOLESTEROLEMIA WITH Nicotinic Aci. Richard W. P. 
Achor, Kenneth G. Berge, Nelson W. Barker and Bernard F. McKenzie.... 


A METHOD FOR THE DETECTION AND ESTIMATION OF AORTIC REGURGITANT FLOW 
IN Man. Eugene Braunwald and Andrew G. Morrow 


STUDIES IN PERIPHERAL ARTERIAL OccLUsIVE DisEAsE: III. Acute ARTERIAL 


Occtusion. Stanford Wessler, Sheldon G. Sheps, Marvin Gilbert and Mindel 
C. 


CARDIOVASCULAR HEMODYNAMIC FUNCTIONS IN COMPLETE HEART BLOCK AND THE 
EFrFrect OF ISOPROPYLNOREPINEPHRINE. Maria F. Stack, Bertha Rader, Bruce 
J. Sobol, Saul J. Farber and Ludwig W. Eichna 


HEREDITY, ENVIRONMENT, AND SERUM CHOLESTEROL: A Stupy or 201 HeattHy 
Famiuies. Louis E. Schaefer, David Adlersberg and Arthur G. Steinberg.. 


VALUE OF AN ELECTRODE CATHETER IN DIAGNOSIS OF EBSTEIN’s DisEasE. Ber- 
nard J. B. Yim and Paul N. Yu 


POSTPERICARDIOTOMY SYNDROME FOLLOWING SURGERY FOR NONRHEUMATIC HEART 
Disease. Tomiko Ito, Mary Allen Engle and Henry P. Goldberg 


UNILATERAL PULMONARY ARTERY ABSENCE OR HyYPOPLASIA: RADIOGRAPHIC AND 
CARDIOPULMONARY STUDIES IN Five Patients. John C. Elder, Bernard L. 
Brofman, Paul M. Kohn and Bernard L. Charms 


ANGIOCARDIOGRAPHIC AND PHYSIOLOGIC CORRELATIONS IN MITRAL STENOsiIs. Daniel 
S. Lukas, Peter R. Mahrer and Israel Steinberg 


ELECTROLYTE AND WATER EXCRETION IN ARTERIAL HYPERTENSION: II. StupIEs 
IN SUBJECTS WITH ESSENTIAL HYPERTENSION AFTER ANTIHYPERTENSIVE DruG 
TREATMENT. William Hollander and Walter E. Judson 


MuscuutaR DystropHY: CATHETERIZATION Stupies INpDIcaTING LATENT CONGEsS- 
TIvE Heart Faruure. S. Gailani, T. S. Danowski and D. 8. Fisher 


Stupres MapE By SIMULATING SYSTOLE AT Necropsy: XI. ON THE HIGHER Dy- 


NAMIC FUNCTIONS OF THE HEART, AND THEIR REFLECTIONS IN THE PULSE WAVE. 
Isaac Starr 





CLINICAL PROGRESS 
Systotic Murmurs. Aubrey Leatham 


ABSTRACTS 
iin ens HU SUR ICN RMN oon och oe a a cats ows dies ipith wiewiw © 7s Sy we wits ais’ 629 


CONTRIBUTORS TO THIS ISSUE 








=< 


APRIL 1958 
VOL. XVII NO. 4 
PART TWO 


*irculation 


FICIAL JOURNAL of the AMERICAN HEART ASSOCIATION 





31st Scientific Sessions of the American Heart Association 
San Francisco, Calif., from October 24-26, 1958 
Deadline for Abstracts June 13, 1958 





BOSTON UNIVERSITY 
COLLEGE -F LIBERAL AWS 
LIBRARY 


Published by Grune & Stratton, Inc. 











Proceedings of the Conference on 


Basic Mechanisms of Arterial Hypertension 


SrpteEY W. Hoosier, M.D., Guest Editor 


Ann Arbor, Michigan 





CIRCULATION—OFFICIAL JOURNAL OF THE AMERICAN HEART ASSOCIATION 


CIRCULATION 


OFFICIAL JOURNAL OF THE AMERICAN HEART ASSOCIATION 
HerRRMAN L. BLtumGart, M.D., Editor-in-Chief 
330 Brookline Avenue, Boston 15, Mass. 
Epirn E. Parris, Assistant Editor 


ASSOCIATE EDITORS 


EpGar V. ALLEN, M.D. 
Rochester, Minn. 


STANFORD WESSLER, M.D. 
Boston, Mass. 


Pau. M. Zou, M.D. 
Boston, Mass. 


Correspondence concerning editorial matters should be addressed to the Editor-in-Chief, at the above ad- 
dress. All communications concerning business matters should be addressed to Grune & Stratton, Ine., 381 Fourth 


Avenue, New York 16, N. Y. 


Subscription rates, $14.00 per year within the United States and Canada; $15.00 per year elsewhere. Single 
copies, $2.00; foreign, $2.50. A combination subscription with Circulation Research is available at $21.00 per 
year within the United States and Canada, $23.00 per year elsewhere. Subscriptions are accepted on a ecalen- 


dar year basis. 


Agents for Great Britain, H. K. Lewis & Co., Ltd., 136 Gower Street, London, W.C.1, England. 
Published monthly at the Publication Office, 120 N. Green St., Chicago, Ill. Second elass mail privileges au- 


thorized at Chicago, Ill. under the act of March 3, 1879. 


Original Communications. Manuscripts for publi- 
cation, letters and all other editorial communications 
should be addressed to the Editor-in-Chief, at the 
above address. Articles are accepted for publication 
on the condition that they are contributed solely to 
this journal. 

Manuscripts. Duplicate manuscripts, tables and 
illustrations should be submitted to facilitate selec- 
tion and processing of papers. Manuscripts should be 
typewritten on good quality paper, one side of the 
page only, with double or triple spacing and liberal 
margins. They should include the authors’ degrees 
and hospital and academic affiliations (for use on 
the “Contributors” page), and an address for mail- 
ing proofs. References to the literature should be 
compiled at the end of the article in numerical se- 
quence, tle style of this journal being observed re- 
garding the full amount of material to be included 
in each bibliographic entry, the order of material, 
capitalization and punctuation. If a “Personal Com- 
munication” is listed in the bibliography, a letter 
must be submitted in which the direct quotation is 
given with the signature of the original author. 

A foreword not to exceed 100 words should also be 
submitted with the manuscript. This foreword should 
serve primarily as an orientation for the reader by 
stating the general problem, the purpose of the 
study, and the approach or lines of investigation 
utilized. The results and conclusions should generally 
be reserved for the Summary. 

Illustrations and Tables. Position of figures and 
tables in the text should be marked on manuscript. 
Circulation uses arabic rather than roman number- 
ing. Figures should carry their number and the au- 
thor’s name on the back; figure legends should be 
compiled in a separate list. To ensure clear reproduc. 
tion, all copy for zine cuts, including pen drawings 
and charts, should be prepared with black india ink, 


COPYRIGHT 1958, GRUNE & STRATTON, INC. 


and a black ribbon should be used for typewritten 
material; for halftone work, good photographic 
prints or the original drawings should be supplied. 
Special arrangements must be made with the editor 
for printing of color plates, elaborate tables or an 
excessive number of illustrations. 

Reprints. Reprints of articles will be furnished tc 
contributors when ordered in advance of publication. 
An order form, showing cost of reprints, is sent with 
proofs. Individual reprints of an article can usually 
be obtained by writing directly to its author at the 
address given on the “Contributors” page of that 
issue. 

Exchanges. Contributions, letters, exchanges, re- 
prints and all other communications relating to the 
Abstracts Department of Circulation should be sent 
to the Editor-in-Chief at the above address. Writers 
on subjects which are related in any way to ecardio- 
vascular disease are requested to place this address 
on their permanent mailing list. 

Book Reviews. Books and monographs treating 
specifically of the same subject matter as this Journal 
will be reviewed as space is available. Send books 
for review to the Editor-in-Chief, at the above ad- 
dress. 


Business Communications. Send all communica- 
tions regarding advertising, subscriptions, change of 
address, ete., to the Publisher, at the address listed 
below. Remittance for subscriptions should be made 
by check, draft, post office or express money order to 
the Publisher. The Publisher should be advised of 
change of address abottt thirty days before date of 
issue, with both the subscriber’s old and new address 
given. Advertising space is given only to articles of 
known scientific value. Forms close first day of 
month preceding date of issue. Advertising rates 
and page sizes on application. 


381 FOURTH AVENUE, NEW YORK 16, N. Y. 





CIRCULATION—OFFICIAL JOURNAL OF THE AMERICAN HEART ASSOCIATION 


CIRCULATION 


OFFICIAL JOURNAL OF THE AMERICAN HEART ASSOCIATION 


EDITOR-IN-CHIEF 


HerrMAN L. Buumeart, Boston, Mass. 


Epith E. Parris, Assistant Editor 


EDITORIAL BOARD 


E. Cowies ANprus, Baltimore, Md. 
BENJAMIN M. Baker, Baltimore, Md. 
Janet S. Baupwin, New York, N. Y. 
SAMUEL Beet, Philadelphia, Pa. 
Ricuarp J. Brne, St. Louis, Mo. 
STANLEY E. Brapuey, New York, N.Y. 
Howarp B. BurcHe.u, Rochester, Minn. 
A. C. Corcoran, Cleveland, Ohio 

ANDRE CouRNAND, New York, N. Y. 
JEFFERSON M. Crismon, Stanford, Calif. 


CLARENCE DE LA CHAPELLE, New York, N. Y. 


ALBERT DorrMaNn, Chicago. IIl. 

CuarLes T. Dorrer, Portland, Ore. 
JessE E. Epwarps, Rochester, Minn. 

J. Russett Evxrmnton, Philadelphia, Pa. 
A. CarLTON ERNSTENE, Cleveland, Ohio 
A. Stone FREEDBERG, Boston, Mass. 
CHarRLEsS K. Friepserc, New York, N. Y. 


Harry Goupsuatt, Cleveland, Ohio 
Rosert E. Gross, Boston, Mass. 

Hans H. Hecut, Salt Lake City, Utah 
Louis N. Katz, Chicago, Ill. 

AARON KELLNER, New York, N. Y. 
CHARLES E. KossmMann, New York, N. Y. 
Water F. Kvaue, Rochester, Minn. 
JERE W. Lorp, New York, N. Y. 

H. M. Marvin, New Haven, Conn. 
THomas M. McMituan, Philadelphia, Pa. 
DicKINSON W. Ricuarps, New York, N. Y. 
FRrepRIcK J. Stare, Boston, Mass. 

Isaac Starr, Philadelphia, Pa. 

HELEN B. Taussia, Baltimore, Md. 
JAMES Watt, Bethesda, Md. 

CuHarLes C. WouirertH, Philadelphia, Pa. 
Eart H. Woop, Rochester, Minn. 

Irvine S. Wricut, New York, N. Y. 


ASSOCIATE EDITORS 


Epaear V. ALLEN 
Rochester, Minn. 


STANFORD WESSLER 
Boston, Mass. 


Pau M. Zou 
Boston, Mass. 


PUBLICATIONS COMMITTEE AMERICAN HEART ASSOCIATION 


J. Scorr BurrerwortH, Chairman 
New York, N. Y. 


STANLEY FE. BrapLey 
New York, N.Y. 
Cuirron }). IlowEe 
TTouston, Texas 


Lupwia W. EIcHNA 
New York, N. Y. 


Irvine B. HEXxTER 
Cleveland, Ohio 
JAMES WaTT 
Bethesda, Md. 


GEORGE E. WaKERUIN, Medical Director, American Heart Association, New York, N. Y. 


HeEerRRMAN I. BLUMGART 
Boston, Mass. 


Ilowarp P. Lewis 
Portland, Ore. 


Caru F. ScomMipt 
Philadelphia, Pa. 


Interlingua Summaries by Science Service, Division de Interlingua, New York, N.Y., ALEXANDER Gop, Chief. 





Acknowledgment 


This publication of the conference proceed- 
ings has been made possible by generous con- 
tributions from the National Heart Institute 
of the U. S. Department of Health, Eduea- 
tion, and Welfare, Eli Lilly and Company, 
Parke Davis and Company, The Upjohn Com- 
pany, Merek Sharp and Dohme, Ciba Lab- 
oratories, G. D. Searle and Company, W. S. 
Merrell Company, and the Wyeth Laborator- 
ies. Further financial assistance was pro- 
vided by the American Heart Association, the 
Michigan Heart Association, Burroughs Well- 
come and Company, and the Abbott Labora- 
tories. 





Circulation 


APRIL 1958 
VOL. XVII NO. 4 
PART TWO 


OFFICIAL JOURNAL of the AMERICAN HEART ASSOCIATION 








Basic Mechanisms of Arterial Hypertension 


Foreword 


N RECOGNITION of the twenty-fifth 

anniversary of the first production of 
experimental renal hypertension by Dr. 
Harry Goldblatt, a University of Michigan 
Regional Conference on the Basic Mechanisms 
of Arterial Hypertension was convened at the 
Rackham Building in Ann Arbor on June 7 
and 8, 1957. The Conference was supported 
by the Department of Postgraduate Medicine 
of the University of Michigan Medical School, 
the National Heart Institute of the U.S. De- 
partment of Health, Education, and Welfare, 
and by generous grants from Eli Lilly and 
Company and Parke, Davis and Company. 

Dr. John M. Sheldon, Director of the De- 
partment of Postgraduate Medicine, opened 
the meeting with a brief review of progress 
in the understanding of hypertension since 
Dr. Goldblatt’s epochal discovery, and of the 
contributions made by the University of 
Michigan to the diagnosis and treatment of 
hypertension during this interval. 

The material for the Conference program 
was selected to cover 5 main topics which 
formed the subjects for the morning and af- 
ternoon sessions and the evening Panel Dis- 
cussion. An unusual feature of the program 
consisted of a series of 5 conferences and dis- 


*Copies may be obtained by writing to the Hyper- 
tension Clinic, University of Michigan Hospital, Ann 
Arbor, Mich. 


cussion periods devoted to various basic 
questions in experimental and clinical hyper- 
tension. The questions proposed by the com- 
mittee, and a bibliography selected to include 
a few pertinent references, together with ab- 
stracts of the papers presented at the meeting 
have been published in the University of 
Michigan Medical Bulletin (23: 227, 1957).* 

The committee wishes to acknowledge the 
assistance of Dean Furstenberg and many 
members of the medical faculty, of the Uni- 
versity Hospital personnel, and of the Uni- 
versity of Michigan in the conduct of the con- 
ference itself. ; 

The committee is grateful to the many in- 
dividuals who assisted in the recording, trans- 
cription, and editing of these proceedings, but 
in particular they wish to express apprecia- 
tion to Mr. Everett Soop, Mr. Ford Lemler, 
and the staff of the Audiovisual Education 
Center of the University of Michigan, to Miss 
Katherine Maxwell, Miss Marilyn Read, and 
Mrs. Lillian Elliott and their associates who 
were responsible for the transcribing and sec- 
retarial assistance, and finally to Mrs. Ruth 
Good, Assistant Editor of the University of 
Michigan Medical Bulletin. 
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Experimental Renal Hypertension 


Mechanism of Production and Maintenance 


By Harry Goupsiattr, M.D. 


The evidence is reviewed that the primary cause of essential hypertension in man is intrarenal 
obliterative vascular disease, from any cause, usually arterial and arteriolar sclerosis, or any 
other condition which brings about the same disturbance of intrarenal hemodynamics. 


FEEL highly honored to be the first 

speaker on this occasion, and I am_ par- 
ticularly delighted that there is congregated 
here such a large and representative group 
of investigators who have been working ac- 
tively in the field of hypertension for so many 
years. Since this is the introduction to this 
Conference, I shall start right out by reciting 
my eredo, which is that so-called essential 
hypertension is of renal origin. Note that 
this statement does not include a commitment 
as to the mechanism whereby the kidneys ef- 
fect the elevation of blood pressure. In fact, 
I wish to emphasize that the original experi- 
ment in the artificial production of renal 
hypertension was designed primarily to test 
only whether elevated blood pressure would 
result from a disturbance of intrarenal hemo- 
dynamics similar to that which probably ex- 
ists in the diseased kidneys usually found at 
autopsy in patients with essential hyperten- 
sion. Essential human hypertension, as_ it 
usually is defined, signifies elevated diastolic 
and systolic blood pressure of unknown origin 
and unassociated with obvious or significant 
disturbance of renal excretory function. This 
does not mean that there is no functional 


From the Louis Beaumont Memorial Laboratories, 
Mount Sinai Hospital, and the Department of Path- 
ology, School of Medicine, Western Reserve Univer- 
sity, Cleveland, Ohio. 
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disturbance of any kind; it refers specifically 
to the usual tests for excretory function. 

Like many of you, I suppose, I was taught 
that the kidney does not play a primary part 
in the causation of the elevated blood pres- 
sure of essential hypertension. In fact, I was 
taught that the elevated blood pressure comes 
first, for some unknown reason, and that all 
the changes found at autopsy in sueh indi- 
viduals are the result of the hypertension. I 
now contend this to be untrue, and the inves- 
tigations which I am about to outline were 
designed to show that it is not so. If, at the 
end of this conference, most of us leave with 
the conviction that the kidneys could be the 
site of origin of whatever it is that brings 
about the elevated blood pressure in essential 
hypertension, I for one shall be content. 

I am going to show you first, almost kalei- 
doscopically, the background, not necessarily 
chronological, upon which the original exper- 
iments were based. In table 1 are listed the 
most important renal abnormalities found at 
autopsy in human beings who, with few ex- 
ceptions, are usually considered clinically to 
have had essential hypertension if there was 
no significant disturbance of renal excretory 
function accompanying the elevated blood 
pressure. The hypertension that is associated 
with glomerulonephritis, and occasionally 
with some of the other conditions listed, is 
not considered essential hypertension, and is 
usually admitted to be of renal origin, even 
though the mechanism of its production is 
unknown, because it is associated with a defi- 
nite disturbance of renal excretory function. 
I was taught that the origin of essential hyper- 
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JXPERIMENTAL RENAL HYPERTENSION 


TABLE 1.—Renal Diseases Associated with 
Hypertension 


|. Arterial and arteriolar nephrosclerosis 


Glomerulonephritis 
Pyelonephritis 
Hydronephrosis 
Polyeystie disease 
Glomeruloselerosis 
Periarteritis nodosa 
Lupus 


Amyloidosis 


tension, about which so much contention still 
exists, was definitely not renal. This is still 
believed by many, despite the fact that it is 
now 25 years since we produced, experimen- 
tally, on a definitely renal basis, a type of 
hypertension which we believe reproduces in 
every detail all the features of so-called es- 
sential hypertension in humans. As a pathol- 
ogist, | was impressed by the invariable find- 
ing of renal disease, usually vascular disease, 
with or without accompanying pyeloneph- 
ritis, in the cases of essential hypertension in 
which death had occurred from cardiac fail- 
ure, or from a cerebrovascular lesion or, in 
some cases, from renal insufficiency. These 
kidneys varied from small, shrunken, nodular 
kidneys to large kidneys with finely granu- 
lar surfaces, but microscopically, all were 
the seat of arterial and arteriolar sclerosis, 
with a variable amount of cortical scarring. 
| was taught to believe that such kidneys 
were the end result of the hypertension, 
but I finally came to believe that the hyper- 
tension does not come first, that it happens 
only if and when the kidneys are diseased, 
and most frequently when they are the seat 
of vascular disease. However, while this is 
the most common type of renal lesion asso- 
ciated with hypertension without functional 
excretory disturbance, so far as I am con- 
cerned, any other pathologic process which 
can produce the intrarenal hemodynamic dis- 
turbance which probably results from oblit- 
erative vascular disease can be considered 
the cause of the hypertension. One of the 
strongest supports for the idea that the hy- 
pertension is the result of renal vascular dis- 
ease is the result of a study by Moritz and 
Oldt,’ in which they showed very clearly that 


643 


of all the organs of the body, the kidney is 
the least vulnerable to this process, that evi- 
dence of severe renal arteriolar sclerosis was 
never found at autopsy in individuals who 
had had normal blood pressure, and that mod- 
erate to severe renal arterial and arteriolar 
sclerosis occurred in practically 100 per cent 
of the cases in which hypertension had ex- 
isted. In the spleen, however, severe arterio- 
lar sclerosis was almost as frequent in the 
normal as in the hypertensive group. This 
shows that, although other organs are vulner- 
able to this type of vascular disease, even in 
individuals with normal blood pressure, the 
one organ which is not easily affected is the 
kidney. The fact that, despite this lack of 
vulnerability of the intrarenal vessels, au- 
topsy studies in almost 100 per cent of the 
cases of essential hypertension in humans 
showed intrarenal arterial and_ arteriolar 
sclerosis of considerable degree led Moritz 
and Oldt to conclude that the vascular disease 
comes first and that hypertension -does not 
occur until the kidneys become involved. 

I am often accused of thinking that there 
is no such thing as hypertension that is not 
renal, but of course this is not true. I am 
certain that there is a ‘‘psychoneurogenic’’ 
type or an 


‘ 


‘endocrinogenic’’ type of hyper- 
tension that is not on a renal basis. Who 
would not admit the latter, after observing 
the return of the blood pressure to normal as 
soon as the tumor had been removed in a case 
of pheochromocytoma of an adrenal gland 
associated with hypertension? As I said, I 
even admit that there is such a thing as a 
‘*psychoneurogenic’’ factor in essential hy- 
pertension, but not that it is the exclusive 
cause. Many years ago, Dr. Saunders? of 
Western Reserve University, who was in- 
volved in a geographic survey of the Virgin 
Islands, observed an extraordinary incidence 
of hypertension in the Negro population, 
which constitutes about 95 per cent of the 
total. To account for the greater incidence 
in the Negro population of the large cities in 
the United States, he had been taught to be- 
lieve that the stress and strain of living, the 
competition with the white man, and the in- 
security in which the Negro lives, account for 
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this greater incidence. But Dr. Saunders had 
observed that the Negro people of the Virgin 
Islands are actually unusually secure. They 
are under no special emotional stresses or 
strains that account for this unusual inci- 
dence of hypertension. I told him that I 
would be very pleased to see sections of the 
kidneys of some of those patients with hyper- 
tension, and I did have that opportunity, 
later, in two cases. I was greatly relieved to 
find in the kidneys of both of these patients 
the most profound preglomerular arteriolo- 
sclerosis. 

All this serves as a background for a rapid 
survey of the experiments in which we at- 
tempted to produce hypertension by doing 
something to the kidneys. In order to try to 
reproduce the disturbance of intrarenal 
hemodynamics which probably exists in the 
kidneys with intrarenal arterial and arterio- 
lar sclerosis, we were obliged to retreat to the 
main renal artery and to constrict it by 
means of a special clamp which we devised 
because we knew of no way of reproducing 
the intrarenal arterial and arteriolar sclero- 
sis which occurs in the kidneys of human 
hypertensive patients.* The rest of the story 
you are so familiar with, I am sure, that it 
is hardly necessary to repeat much of it in 
detail. We showed that there was a definite 
immediate reduction of blood flow to the kid- 
ney, aS a consequence of moderate to severe 
constriction of the main renal artery. I 
thought that constriction of only one main 
artery would not result in elevation of the 
blood pressure and that it would be necessary 
to do it to both. The blood pressure did rise, 
however, when only one renal artery was con- 
stricted, but in the dog it did not stay up for 
more than about 6 weeks, as a rule. In an 
occasional dog it did remain up longer, and 
in one it remained elevated for 9 months and 
came down only when the ischemic kidney 
was removed. Later, it was shown that in the 
rabbit, the rat, the goat, and the sheep, a 
persistent type of hypertension, lasting many 
months, may occur as the result of the con- 


striction of only one main renal artery.‘ 


Other measures were used to cause the ele- 
vation to become permanent in the dog; one 
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was to constrict both renal arteries, another 
was to clamp one main renal artery, and la- 
ter, when the blood pressure was elevated, to 
remove the other kidney. That the elevated 
blood pressure resulting from a constriction 
of the renal arteries is true hypertension was 
shown by the demonstration that in the dog 
and the monkey, at least, both diastolic and 
systolic blood pressures were elevated.* In 
some animals, when there was a tendency for 
the blood pressure to return to a lower level 
even when both renal arteries were con- 
stricted, we wrapped a_ fishskin condom 
around one or both kidneys to reduce the ac- 
cessory circulation which had developed (not 
with the idea of producing a membrane to 
compress the kidney). As a matter of fact, 
the development of such a membrane did not 
occur when a fishskin condom was used. Dr. 
Page and his collaborators,® later, did wrap 
kidneys in silk or cellophane and in time ob- 
served the development of hypertension, pre- 
sumably as the result of ischemia induced by 
compression of the renal parenchyma by the 
thick membrane of connective tissue which 
usually develops under the silk or cellophane. 
This is frequently referred to as the peri- 
nephritis type of hypertension. 

There were two working hypotheses for the 
experiments which I have been describing: 
(1) that there would be elevation of blood 
pressure, and (2) that there would be no sig- 
nificant disturbance of renal excretory fune- 
tion, as a result of constriction of the main 
renal arteries. Had a definite reduction of 
renal excretory function occurred, and been 
proved necessary, the contribution would not 
have been great for it would have reproduced 
the hypertension of glomerulonephritis, or 
any other condition that impairs renal excre- 
tory function, and not true benign essential 
hypertension. Fortunately, the hypertension 
which usually did develop was not accom- 
panied by a significant disturbance of renal 
excretory function, but it was soon found 
that a type of hypertension like that of the 
malignant phase of essential hypertension 
could be produced at will merely by great 
constriction of both main renal arteries. The 
typical necrotizing arteriolar lesion of ma- 
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ignant hypertension also developed in such 
nimals, so that the resemblance to human 
nalignant hypertension was complete. In the 
‘at, the naked, necrotic arteriole characteris- 
ic of the malignant phase of hypertension is 
ing confused with periarteritis nodosa, to 
vhich the rat is unusually susceptible and 
vhich develops even in the absence of hyper- 
ension or of impaired renal excretory fune- 
ion. This matter requires clarification. In 
he dog, periarteritis nodosa is a rare occur- 
‘ence, but in the rat it occurs spontaneously 
ras a result of many experimental proce- 
lures. If the pathogenesis of the necrotizing 
irteriolar lesion and of periarteritis nodosa 
should prove identical, the significance of the 
necrotizing lesion as an indicator of malig- 
nant hypertension would vanish, at least in- 
sofar as the rat is concerned. 

Finally, we come to the question of the 
pathogenesis of experimental renal hyperten- 
sion. I am not going into detail about this 
phase of the investigation, but I should at 
least refer to it. The first question te be an- 
swered is: Is it the kidney, after all, that is 
responsible for the elevation of blood pres- 
sure when the renal arteries are constricted ? 
Briefly, the release or removal of the clamp, 
when only one main renal artery was con- 
stricted, resulted in a prompt fall of the blood 
pressure to normal. Bilateral nephrectomy 
in an animal with previously normal blood 
pressure did not result in elevation of the 
blood pressure unless, as has been shown by 
Dr. Grollman and his associates,® artificial 
means of prolonging the life of the animal 
were used. This treatment consisted of peri- 
toneal or gastrointestinal lavage or the use 
of the artificial kidney which results in a dis- 
turbance of fluid and electrolyte balance. The 
indication is, therefore, that you have to have 
the kidneys in the body, or disturb the fluid 
and electrolyte balance in some way in order 
to bring about the hypertension. 

The observation of a prompt fall of blood 
pressure to normal as a result of excision of 
the kidney in an animal which is hyperten- 
sive, because of constriction of the main 
artery of only one kidney, led to the recogni- 


tion of the association of hypertension and 
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unilateral renal disease in man, and to the 
deliberate performance of unilateral nephrec- 
tomy to cure the hypertension. This opera- 
tion was first performed by Butler and associ- 
ates,’ in 2 children, at the Children’s Hospital 
in Boston. The patients had unilateral pye- 
lonephritis, with the usual associated vascular 
disease. The blood pressure promptly re- 
turned to normal after the nephrectomy. Re- 
cently Dr. Homer Smith*® published a compi- 
lation of all the cases reported in the litera- 
ture up to December 1956, in which unilateral 
nephrectomy had been performed for the 
possible cure of hypertension. He found that 
about 25 per cent of the patients were cured ; 
that is, the blood pressure remained normal 
for at least one year and up to about 18 years 
in 149 of 575 patients. In January 1957, Dr. 
J. E. Thompson® reported the results of simi- 
lar cases treated at the Mayo Clinic. In the 
group in which the kidney proved to be a 
shrunken, atrophic one, probably the seat of 
pyelonephritis and vascular disease, the cure 
rate was 50 per cent. In his eases, too, the 
blood pressure had remained normal for at 
least one year. 

The one procedure which has interfered 
with the development of hypertension from 
constriction of the main renal arteries has 
been complete removal of both adrenals. Re- 
moval of the medulla alone did not interfere 
with the phenomenon. Renal denervation, 
splanchnic section, section of anterior nerve 
roots from the sixth dorsal to the second lum- 
bar inclusive, total sympathectomy and even 
pithing of the cord all failed to interfere with 
the development of hypertension as a result 
of constriction of the main renal artery; 
therefore a nervous reflex from the ischemic 
kidney could not be the cause.* The first in- 
dieation that the elevation of the blood pres- 
sure might have a humoral basis came when 
we tied off the renal veins of an animal which 
should have had an elevation of blood pres- 
sure from great constriction of both main 
renal arteries; azotemia developed, of course, 
and the animal died within a few days, but 
there was no elevation of the blood pressure 
during the survival. The recognition of a 
possible humoral mechanism involved in the 





TABLE 2.—Similarities Between Human Essential 
Hypertension and Experimental Renal Hyptertension 
(Reprinted from Bull. New York Acad. Med. 18: 
£59, 1942.) 


Human essential 


Experimental 
Subject hypertension 


renal hypertension 


Normal 
| Normal 
| Normal 
| Normal 
Peripheral blood | Normal 

flow 


Cardiac rate 
Cardiac output 
Blood volume 
Viscosity 


Normal 
| Normal 
| Normal 

Normal 

Normal 


Sympathectomy | Does not abolish | Does not pre- 


| hypertension | vent or abol- 
ish hyperten- 
| sion 
Resection of | Does not abolish | Does not pre- 
splanchnic|_ hypertension | vent or abol- 
nerves ish hyperten- 
sion 
Renal blood flow Apparently re- | Reduced 
duced 
Renal excretory | (a) Benign phase | Benign phase 
function normal normal 
| (b) Malignant | Malignant phase 
| phase reduced reduced 
Cardiac hypertro- | Left ventricle, | Left ventricle, 
phy | when uncom- | rat, rabbit, 
plicated by| dog 
failure 
Pulmonary arte- | Not altered when | Unaltered 
rial pressure | 


hypertension is 

uncomplicated 

by left heart | 

failure, as indi- | 

cated by nor- | 

mal right heart | 

Unilateral renal| Cured by ne-| Cured by ne- 
disease associ-| phrectomy | 
ated with hy-| when proved | 
pertension unilateral 

Bilateral nephrec- | No rise of pres- | No rise of pres- 
tomy | sure sure 





phrectomy 


Thyroidectomy | Does not prevent | Does not pre- 
or cure hyper- vent or abol- 
tension unless|_ ish hyperten- 
of the type as- sion 
sociated with 
disease of the 
| thyroid 
Generalized arte-| In malignant|In malignant 
riolar necrosis phase only phase only 
and necrotizing 
arteriolitis 











GOLDBLATT 


pathogenesis of hypertension led to the re- 
discovery of renin and the simultaneous dis- 
covery of a vasoconstrictor substance, called 
hypertensin by the South American group!? 
of which Dr. Braun-Menéndez was a member, 
and angiotonin, by Dr. Page and collabora- 


| It was found that this substance re- 


tors. 
sulted from the action of renin upon a sub- 
strate in the blood which has been called hy- 
pertensinogen. This finally led to the view 
that there may be a humoral mechanism of 
renal origin in the pathogenesis of human 
essential hypertension and to the finding by 
Dr. Skeggs and Dr. Kahn™ of a significant 
increase in the amount of hypertensin in the 
blood of hypertensive humans, in both the be- 
nign and malignant phases, but especially in 
the latter. The fact that the blood pressure 
of a dog hypertensive for months or years on 
the basis of constriction of the main renal 
arteries can be returned to normal by repeated 
subcutaneous or intramuscular injections of 
renin resulting in the development of anti- 
renin in the blood, should be convincing evi- 
dence that. even at this stage, the humoral 
mechanism is mainly responsible for the ele- 
vated blood pressure. Dr. Wakerlin and collab- 
orators were the first to produce antirenin.™ 
We have found that 2 units of antirenin per 
milliliter of blood appears to be the critical 
level. When this level is reached, the blood 
pressure definitely falls and continues to fall 
as long as the antirenin level remains at this 
height or higher. When renin injections are 
discontinued and the amount of antirenin in 
the blood decreases definitely below 2 units 
of antirenin per milliliter, the blood pressure 
rises again to the previous hypertensive level. 

While these experiments indicate that the 
mechanism of experimental renal hyperten- 
sion is mainly humoral (the renin-hyperten- 
sin mechanism), the work of Ogden and his 
collaborators with yohimbine, indicates that 
in the later stage of the benign phase another 
mechanism, probably neurogenic, may be in- 
volved. Dr. Erwin Haas and I have per- 
formed some unpublished experiments which 
fit in with their experiences with yohimbine. 
If pentolinium (Ansolysen), 150 pg. per Keg. 


of body weight per minute, is infused for 
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about 8 minutes into a normal, unanesthetized 
dog, there is either no change in the blood 
pressure, or a very slight rise, during or after 
the injection. If an elevated blood pressure 
is induced experimentally by the constant in- 
fusion of renin, and the same dose of Ansoly- 
sen is given while the infusion of renin con- 
tinues, the blood pressure becomes even more 
elevated. The same dose of Ansolysen given 
to a dog with experimental renal hypertension 
during the first 4 weeks of the hype: tension 
also results in a further increased blood pres- 
sure. At this time the animal reacts to an in- 
fusion of Ansolysen like a normotensive dog 
with renin infused into the blood, that is, the 
blood pressure rises still higher; but the same 
quantity of Ansolysen infused into dogs hy- 
pertensive for more than a month invariably 
results in a fall of blood pressure. This is an 
enigma which requires an explanation. It 
may be explainable on the basis of some other, 
perhaps neurogenic, mechanism as Ogden has 
suggested. I have no answer at this moment. 
Finally, the similarities between experi- 
mental renal and essential human hyperten- 
sion are quite complete. Some of the most 
important observations on human essential 
and experimental renal hypertension are 
shown in table 2. The identity between the 
2 columns is obvious; therefore I still believe 
in the primary renal origin of human essen- 
tial hypertension. I also subscribe whole- 
heartedly to the theory of an involved pressor 
mechanism playing an important, if not ex- 
clusive, part in the initiation and early stage 
of experimental renal hypertension. It may 
also play a part in chronic experimental renal 
hypertension. I do not know how far one can 
go at present in applying these mechanisms 
to explain the pathogenesis of human essen- 
tial hypertension, however, I reiterate my 
credo that human essential hypertension is 
primarily of renal origin, no matter what the 
nature of the mechanism of the elevation of 
the blood pressure may prove to be. Problem 
number one, however, is still the pathogenesis 
of the renal vascular disease, the most com- 
mon pathologic change found in the kidneys 
of patients with essential hypertension. Thi; 
remains to be elucidated in the future. 
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Studies on Renin Antibodies 


By Oscar M. Heumer, Pu.D. 


Intramuscular injection of various kidney extracts containing renin in several animal species 
caused the appearance in sera of a substance which neutralized renin. The antirenin titers 
of the antisera were determined by assaying the quantity of unneutralized renin. The assay 


was based on the production of angiotonin. 


The dog differs from the other species studied in 


that heterologous kidney extracts cause a production of antibodies against the treated animal's 


own renin, 


UR interest in antirenin came about be- 
O eause of studies on the nature of the 
sustained pressor substance.’* We found this 
substance was derived from the kidney and 
was a protein. Consequently, we attempted 
to prepare antibodies to it in the same man- 
ner that Wakerlin and his associates* had 
done with renin. We found that the sera of 
rabbits that had been injected intraperito- 
neally with a cat kidney extract over a period 
of weeks would neutralize the sustained pres- 
sor material® in vitro or in vivo. 

The antisera contained antibodies for renin 
as well as for sustained pressor substance and 
in approximately equal amounts. Since it ap- 
peared that it might be difficult to quantitate 
the titer of the antisera against sustained 
pressor principle, the antirenin titers were 
determined by a quantitative method based 
upon the production of angiotonin by the un- 
neutralized renin. 

An outline of the procedure is shown in 
table 1. A hog renin powder assayed by Gold- 
blatt’s method® was used as a standard. Ren- 
ins prepared from other species were also 
compared to this standard, although it was 
realized that there are quantitative differ- 
ences between the renins obtained from dif- 
ferent species when reacting with heterolo- 
gous renin substrates (hypertensinogen). 
For example, cat renin incubated with cat 
plasma will form 3 times as much angiotonin 
as it does when it is allowed to react with hog 


From the Lilly Laboratory for Clinical Research, 
Indianapolis General Hospital, Indianapolis, Ind. 

Part of the work presented in this paper was done 
with my colleagues, Drs. Shipley and Kohlstaedt. 


or dog plasma. Hog and dog renin produce 
about the same amount of angiotonin whether 
ineubated with hog or dog substrate. The an- 
giotonin was assayed in pithed cats that had 
been nephrectomized 1 or 2 days previously. 
Before the antisera were assayed, angiotonase 
was destroyed in the serum by subjecting it 
to a pH of 3.9 at 37 C. for 20 minutes. The 
antirenin titer was expressed in Goldblatt 
units per milliliter of plasma. 

We agree with Lamfrom, Hass, and Gold- 
blatt’ who state: ‘‘Aside from its possible 
significance as a possible therapeutic method 
for the treatment of hypertension, the renin- 
antirenin reaction seems well suited to serve 
as a model for the study of immunological 
phenomena in general.’’ For example, it is 
possible to study the time required for the 
combination of the antibody with the renin. 
As shown in figure 1, when an amount of an- 
tirenin in excess of what is needed to com- 
pletely inactivate a standard amount of renin 
is used, the neutralization occurs almost in- 
stantly. When less than maximal amounts 
are used the reaction requires 30 to 40 min- 
utes for completion. We have checked the 
method discussed in this paper with the direet 
determination of the pressor activity of the 
unneutralized renin and have found good 
agreement. 


Production of Antirenin in Dogs with 
Experimental Hypertension 
Five dogs with hypertension of the Gold- 
blatt type were injected with kidney extracts 
intramuscularly 3 to 4 times a week for a 
period of a few weeks to 5 years. Different 
renin preparations were used. In the 2 dogs 
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STUDIES ON RENIN ANTIBODIES 


TABLE 1.—Outline of Antirenin Assay 


Renin—0.07 G.U. 


Vormal Serum 


\ 
1 


Renin—0.07 G.U. | | 
Anti-Serum ( 


Incub. 
Room temperature—30’ 


Renin—0.07 G.U. 
Anti-Serum 


Incub. 
Room temperature—30’ 


Incub. 
Room temperature—30’ 





Renin 


+ Substrate 


Renin 


+ Substrate 


Incub 


37°—15’ 


Incub. | 
37°—15’ | 


Acidify 
Boil 


Incub. 
37°—15’ | 


Acidify 
Boil 
y + Renin 


Acidify | 
+ Substrate 


Boil 





in which antirenin was produced, the kidney 
extracts averaged about 8 Goldblatt units per 
milligram of nitrogen. In both of these dogs, 
mean blood pressures were reduced to normal 
levels. In the hypertensive dogs in which an- 
tirenin could not be demonstrated in the 
plasma, no fall in blood pressure occurred. 

Figure 2 shows in detail the effect of in- 
jecting kidney extracts containing renin into 
a dog with experimental hypertension pro- 
duced by wrapping both kidneys in dry silk 
by the method described by Page.’ This dog 
had mean arterial pressures in the hyperten- 
sive range for 4 months before injection of 
the renin preparation began. After 4 weeks 
of treatment with kidney extract, antibodies 
to renin appeared in the plasma. The lowest 
blood pressure reading occurred at 7 months, 
a drop in average mean arterial pressures of 
58 mm. Hg. The highest antirenin titer in the 
first course of treatment was 84 Goldblatt 
units per 100 ml. When the injections were 
stopped, the antirenin titer dropped to 7 
Goldblatt units per 100 ml. with a gradual 
rise to an average mean pressure of 180 mm. 
over a period of 514 months. 

A second course of kidney extract contain- 
ing renin was now started. In contrast to the 
first course, the blood pressure dropped pre- 
cipitately, reaching an average level of 143 
mm. in 2 weeks and 134 mm. in the next 2 
weeks. There was also a correspondingly 
greater elevation in the antirenin titer. Since 
our interest was in correlating blood pressure 
changes with antirenin titer rather than ob- 
taining the highest titers possible, the injee- 
tions were again discontinued when the blood 
pressure had stabilized at near normotensive 
levels for 244 months and when the antirenin 
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Fig. Rate of neutralization of renin by anti- 


body; 
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ordinate, unneutralized renin; abscissa, time 


in minutes 


titer had reached 336 Goldblatt units per 100 
ml. Further observations in this experiment 
are shown in figure 2. Six months after stop- 
ping the third course of kidney extract injec- 
tions, the mean pressure rose suddenly to lev- 
els of over 200 mm. Hg. After 4 months of 
elevated pressure, the animal died, more than 
5 years after kidney extract was first injected. 
Much of the time its blood pressure had been 
maintained at near normal levels by means 
of the injections. 

With a second dog, the results were so sim- 
ilar that the details of its course will not be 
discussed. Kidney extracts were started in 
this animal 22 months after the development 
of hypertension. The monthly average of 
mean blood pressures varied between 200 and 


255 mm. before treatment with a renin prep- 
aration was started. The lowest pressure ob- 
tained during the first course of injections 


9 


was an average of 156 mm. over a 2 week pe- 
riod with a range of 145 to 175. This was 
accompanied by an antirenin titer of 18Q 
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Fic. 2. Effect of a hog renin preparation on mean arterial pressure determined by direct femoral 
puncture and on antirenin titer in a dog with experimental hypertension. g, the average of mean 
pressure in mm. Hg taken 3 times a week by direct femoral puncture with the extremes of the 
talues shown by the horizontal line. The closely spread symbols record 2 week periods, the wider 


spread symbols 1 month periods. %, is entirenin units in plasma expressed in Goldblatt units 


per ml. of plasma. 


Goldblatt units per 100 ml. During a second 
course of kidney extract injections, the mean 
blood pressure dropped to an average of 133 
mm. Hg. over a 2 week period. Blood pres- 
sure values were maintained near this level 
for 10 months. When the treatment was 
stopped, the mean arterial pressure gradu- 
ally rose; the level being 170 mm. when the 
experiment was terminated, 5 years after its 
start. 
Treatment of Hypertensive Rats with Kidney 

Extracts Containing Renin 

Hypertension was produced by constricting 
both renal arteries of rats of the Long-Evans 
strain with silk thread. For the production 
of renin antibodies, 8 rats were injected sub- 
cutaneously 3 times a week with a kidney ex- 
tract equivalent to 14 to 58 Gm. of hog kid- 
ney. The shortest time for which an extract 
was injected was 15 weeks, the longest 30 


weeks. For the assay of the renin antibodies, 
blood was obtained from the tail vein. The 
lowest antirenin titer was 70 Goldblatt units 
per 100 ml. against hog renin, the highest 890 
Goldblatt units. The antisera also neutralized 
dog, cat, and rabbit renin. With one anti- 
serum, there was an insignificant antirenin 
titer of 3 Goldblatt units per 100 ml. against 
rat renin. The others showed no antibody 
against rat renin. In none of the 8 hyper- 
tensive rats was there a significant lowering 
of blood pressure. 

This is in direct contrast, as shown in fig- 
ure 3, to the lowering in blood pressure pro- 
duced in 9 hypertensive rats by the daily sub- 
cutaneous injection of kidney extract derived 
from 150 Gm. of hog kidney. There was a 
prompt fall in pressure which was maintained 


for 30 days, and a prompt rise in pressure 
when the kidney extract was stopped. This 
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TABLE 2.—Summary of Antirenin Studies in Various Species 
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fall was not due to the production of rat an- 
tirenin. No antirenin was found in the plasma 
of 2 of the rats after 7 days of treatment. 
When compared to the dog data, the lowering 
of blood pressure caused by the in vivo for- 
mation of antirenin requires a longer time 
and the elevation of pressure after the cessa- 
tion of the injections occurs gradually. The 
chief difference in the kidney extracts admin- 
istered to the 2 groups of rats aside from the 
greater dose in terms of original kidney tissue 
was that in the antirenin experiments the pro- 
teins containing the angiotonase (hyperten- 
sinase) were removed by a treatment with 
trichloracetie acid at pH 3.9 in the presence 
of 5 per cent NaCl. These data indicate that 
the kidney has a factor or factors, albeit in 
small quantities, that can lower the blood 
pressure in hypertensive animals. 


Formation of Antirenin in Man 

Hog renin was injected intramuscularly 3 
times a week in 11 patients with hypertension. 
The total weekly dose was 400 Goldblatt units. 
All patients developed plasma antirenin to 
hog renin. As in the rats, there was a con- 
siderable variation in these patients. The 
antirenin titers varied from 70 to 1050 Gold- 
blatt units per 100 ml. As in the dog experi- 
ments, the highest titers were obtained when 
a second course of kidney extract was given 
to 3 patients who had been treated with kid- 
ney extracts 5 to 6 years before. In all of 
these patients plasma still contained antirenin 
to hog renin, The exact titers were not deter- 
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Fig. 3. Effect of the daily subcutaneous injection 
of hog kidney extracts on the systolic blood pressure 


in 9 rats with experimental renal hypertension. 


mined, but were greater than 14 Goldblatt 
units per 100 ml. In contrast to the slow 
increase in antirenin titer in the other 8 pa- 
tients, the titer in these 3 patients showed a 
sharp rise in the first assay done after the 
beginning of treatment (3 to 4 weeks). Con- 
tinued administration of the renin prepara- 
tion did not inerease the titer. Even though 
human antisera with high titers neutralized 
renins from all animals investigated—hog, 
dog, rabbit, cat, sheep, horse, and rat—no 
antibodies could be detected to human renin. 
There was no significant lowering of blood 
pressure in any of the patients. These data 
are in agreement with those reported by Gold- 
blatt, Hass, and Lamfrom® for the injection 
of hog renin into patients with hypertension, 
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In table 2 is summarized the results of in- 
jecting renin preparations in man, rat, dog, 
and rabbit. Of the species studied, only in 
the dog was it possible by the injection of 
heterologous renin to produce antirenin that 
neutralized its own renin. In no species were 
antibodies to human renin induced. 


SUMMARY 


With the appearance of antirenin to dog 
renin in the sera of dogs with experimental 
hypertension of the Goldblatt type, there was 
a coincidental lowering of arterial pressure 


in both the acute and chronic stages, indicat- 
ing that renin plays an important role in both 
early and late experimental hypertension. 
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Antibodies to Renin as Proof of the Pathogenesis of 
Sustained Renal Hypertension 


By Grorce E. WaKERLIN, M.D., PH.D. 


Antirenin to hog renin produced in the dog neutralizes the acute pressor effect of dog as well 
as hog renin. A course of intramuscular injections of hog renin in chronic renal hypertensive 
dogs produces an antihypertensive effect which is correlated with the antirenin titers of the 
plasma. Passive transfer of high titer homologous antiserum to hog renin produces an anti- 
hypertensive effect in chronic renal hypertensive dogs which is correlated with the antirenin 
titer. The results suggest a pathogenetic role for renin in experimental renal hypertension 


in the dog. 


N VIEW of the fact that renin is a protein, 

we thought it possible to study the patho- 
genesis of experimental renal hypertension by 
producing an antibody to renin. In figure 1 
is Seen the typical pressor effect of what would 
be 2 units of hog renin injected intravenously 
after mixing with 1 ml. of normal dog 
serum.!}? The middle of the figure is the re- 
sult of the intravenous injection into this bi- 
laterally nephrectomized, etherized dog of 
2 units of hog renin mixed with 1 ml. of serum 
from a dog previously repeatedly injected 
with crude hog renin. The right of the figure 
shows the result of another control injection of 
2 units of hog renin mixed with 1 ml. of nor- 
mal dog serum. It should be noted that there 
are approximately 2 antirenin units per ml. 
of plasma or serum. We found that antirenin 
to hog renin not only neutralizes hog renin 
but also dog renin, as mentioned by Dr. Hel- 
mer. We also found that it does not neutral- 
ize human, monkey, or other primate renins. 
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Fic. 1. Abscissa, time in minutes; ordinate, blood 
pressure (mm. Hg). 1. Intravenous injection of ap- 
proximately 2 dog units of crude hog renin mixed 
with 1 ml. of normal dog serum. - 2. Intravenous in- 
jection of approximately 2 dog units of crude hog 
renin mixed with antiserum from a dog repeatedly 
injected with crude hog renin. 3. Same as 1. (Re- 
printed from Ann. New York Acad. Se. 3: 
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Fig. 2. Reduction of blood pressure in renal hy- 
pertensive dog after production of elevated antirenin 
titer following injections of crude renin from hog 
kidney cortex. (Reprinted from J. Lab. & Clin. 
Med. 41: 708, 1953.) 


On the other hand, antirenin to human renin 
neutralizes only human and monkey renins 
and presumably other primate renins, but not 
renins obtained from animals which are sub- 
primate. 
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TABLE 1. 


WAKERLIN 


Summary of Effects of Injections of Renin on Blood Pressure and Antirenin Titer 


in 61 Renal Hypertensive Dogs with Hypertension of 4 to 36 Month’s Duration 
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21-30 
31-40 
41-60 
61-100 
101-125 


+++ 





++ 


+++ 


Semipurified, 


++ +++ 


++ ++ ++ +44 +44 | 0 
++ 4+4+4+4 


Antihypertensive effect of hog renins* 


Semipurified, 
from 
whole kidney 


Crude, 
from 
whole kidney 


from 
cortex 
| 


0000000 


0000 
00++ 
000 ++ 


0 
0 








0, no antihypertensive effect; +, decrease in blood pressure one-third toward normotension; ++, 
decrease in blood pressure two-thirds toward normotension; +++, decrease in blood pressure to nor- 


motension. 


* Each symbol represents treatment results in one renal hypertensive dog. 


Treatment 
Constriction 


hypertension 


& 
: 
: 
> 
z 
e 
° 


15 months 
2/Ny ul 40s) UiUesijuYy 


Time in months 


ig. 3. Failure of blood pressure reduction to ae- 
titer 
tensive dog was injected with crude hog renin from 
whole kidney. (Reprinted from J. Lab. & Clin. Med. 
41: 1953.) 


company rise in antirenin when renal hyper- 


(08, 


On the basis of these findings it was be- 
lieved Of interest to study a group of experi- 
mental renal hypertensive dogs by injecting 
them with various hog renal extracts contain- 
ing renin to see if antirenin could be produced 
and whether a correlation could be established 
between any blood pressure decrease and an 
increase in antirenin titer. Figure 2 shows 
one of our early experiments: This dog had 
been hypertensive for about 12 months fol- 
lowing bilateral constriction of the renal ar- 
teries. It received 2.5 units per Kg. of body 
weight of crude hog renin from renal cortex 
daily, intramuscularly, for a period of 6 


months. As the antirenin titer increased to 
a level of 14 antirenin units per ml. of plas- 
ma, the blood pressure gradually fell to the 
normotensive level. When we stopped treat- 
ment, the pressure rose as the antirenin titer 
Table 1 presents the results of 


similar experiments with erude renin from 


decreased. 
cortex in a total of 14 dogs. The highest titer 
observed in this group and the highest in any 
dog was 125 The 
minimum effective titer was 3 antirenin units 
per ml. It will be observed that there is a 
rough correlation between the antirenin titer 
and the antihypertensive effect. 


antirenin units per ml. 


In 15 renal 
hypertensive dogs injected with semipurified 
hog renin from kidney cortex we obtained 
similar results and the antirenin titer corre- 
lated with the decreases in blood pressure 
(table 1). Semipurified renin was 100 times 
more pure than crude renin, but still only 
1 per cent of the protein solution was renin. 
When treatment was stopped, the blood pres- 
sures returned to the original hypertensive 
levels as the antirenin titers fell. The mini- 
mum effective titer for reduction of the blood 
pressure in this group was 2 antirenin units. 
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TABLE 2.—Summary of Effect of Injection of Semi- 
purified Hog Renin from Kidney Corter in Renal 
Typertensive Dogs 


Maximum 


Duration of antirenin Antihypertensive effect 
hypertension titer of semipurified 
(mo.) (AU/ml.) hog renin from cortex 


50 ++ 
51 j + 

51 j ++ 
51 0 

56 a 
60 ++ 
66 +4 
67 ++ 
69* : ab 

71 + 

S81* ++ 
32° ) 
87* 
9g* 
99* 


121 











Symbols as in table 1. 
* Second course of treatment. 


TABLE 3.—Summary of Effect of Injections of 
Various Control Tissue Extracts on Renal Hyper- 
tensive Dogs (Reprinted from J. Lab. § Clin. Med. 
41: 708, 1953.) 





Maximum 
No. antirenin | Antihyper- 
Control extracts of titer tensive 
dogs (AU /ml.) 


Crude dog renin (cortex) 12 0 
Crude dog renin (whole 
kidney) 0 


Inactivated crude hog | 
renin (cortex) j 0 
Inactivated crude hog} 
renin (whole kidney) | 0 
Crude hog renal medulla | 0 
Crude hog liver 3 0 
Crude hog muscle 
Hog plasma globulins 
Crude beef heart 











Figure 3 shows an experiment on a dog, 
hypertensive for 20 months, in which a large 
amount of crude renin from whole kidney 
produced no antihypertensive effect but did 
result in a good antirenin titer. Table 1 pre- 
sents the results in a group of 25 renal hyper- 
tensive dogs injected with crude hog renin 
from whole kidney; only 2 of these showed 
any antihypertensive effect. On this basis 


Antirenin 


N 


a 


a ee °° 058g oe : 


Bo ° 


ou 


297 Ny ut se) UUauy 


oO 
103 months of hypertension 


| 


os no "2 na 
Period of hypertension in months 


Fig. 4. Effect of passive transfer of hog renin 
antibody on blood pressure of recipient dog with 
chronie renal hypertension of 108 months’ duration; 
240 antirenin units per Kg. of vecipient injected 
intramuscularly where indicated from a dog _ previ- 
ously immunized with erude hog renin from cortex. 


we believe that there is present in hog renal 
medulla a protein which interferes with the 
antihypertensive effect of hog renin injections. 
Table 1 also shows the results in 7 dogs treated 
with semipurified hog renin from whole kid- 
ney. It will be noted that there was a re- 
sponse at a somewhat higher minimum effec- 
tive antirenin titer, showing that a fair 
amount of the interfering renal medullary 
protein had been removed. After some 15 
years of attempts at explanation, we are still 
uncertain about the mechanism of the inter- 
fering effect of hog renal medullary protein. 

The 61 renal hypertensive dogs reported on 
thus far had hypertension of 4 to 36 months 
duration at the beginning of treatment. Table 
2 shows the effects of semipurified renin from 
hog cortex in 10 dogs with chronic renai 
hypertension of 50 to 121 months duration. 
Six dogs in this group had 2 courses of treat- 
ment. The antihypertensive effect and the 
maximum antirenin titers showed a fairly 
good correlation. Two dogs that showed no 
antirenin experienced no decrease in blood 
pressure. 

Many control tissue extracts also have been 
studied (table 3). No antirenin was pro- 
duced in any of these experiments and no an- 
tihypertensive effect was observed. There- 
fore it was concluded that the antihyperten- 
sive action associated with the production of 
antirenin is not a foreign protein effect or a 
nonspecific toxie action. The animals re- 
mained in excellent health with good appe- 
tites and normal body weight. 












































































































































































































































































TABLE 4.—Summary of Experiments Involving Passive Transfer of Antirenin to Dogs with 
Renal Hypertension of 4 to 56 Months’ Duration 







WAKERLID 











Maximum Antihypertensive effect of homologous antirenins to the following hog renins: 
— Crude from — Semipurified,from | | ‘Crude,from —~*«|_—sSemipurified, from 
(AU/ml.) cortex cortex whole kidney whole kidney 
0.1-0.5 0000 00 | 0 0 

1 ++ 4+ 00 ++ | O+++ +++ 

2 +++ +++ O44 +4 +44 | +++ 

3 + +44 0+ | + 

4 +++ | + 

5 +++ +++ ++ ++ 

6-7 ++ 44+ | 

8-9 + +++ 











Symbols same as in table 1. 








TABLE 5.—Summary of Passive Transfer Experi- 
ments to Recipient Dogs with Prolonged Renal Hy- 


pertension 
issamainaeiadanenetncieaeneaeemataiaie dialectics: 








Maximum 
Duration of antirenin Antihypertensive effect 
hypertension titer of homologous antirenin 
(mo.) (AU/ml.) to hog renins 
93 1.0 ++ 
94 1.0 +4 
95 1.0 + 
96 0.5 ++ 
96 0.5 +++ 
108 3.0 +++ 
128 1.0 + 
Antihypertensive effect 
of homologous normal 
serum 
99 0 0 








114 0 0 
Symbols as in table 1. 


In view of these results with the active pro- 
duction of antirenin, we believed it of interest 
to study the effect of passive transfer to chron- 
ic renal hypertensive dogs of homologous anti- 
serum containing high titers of antirenin. 
Table 4 shows the relation between the anti- 
hypertensive effect in 15 dogs and the titer 
of antirenin passively produced by homolo- 
gous antirenin to crude hog renin from cortex. 
The table also demonstrates the results of 
passive transfer of homologous antirenin de- 
rived from injections of semipurified hog 
renin from cortex. Again there is a relatively 
good correlation between antirenin titer and 
antihypertensive effect. Table 4 shows only 
3 experiments with antirenin to crude hog 
renin from whole kidney because it is hard to 
obtain a good antirenin titer with this extract ; 


* Antirenin titer is maximum reached in recipient animals following passive transfer. 


TABLE 6.—Control Observations on Passive Trans- 
fer Experiments in Renal Hypertensive Dogs 











Maximum Antihypertensive effect of 
antirenin§ |——_-—_—_ . — 
titer Homologous Homologous 
(AU/ml.) normal plasma hypertensive plasma 
0 00000000 000 


however, some antihypertensive effect is noted. 
Table 4 further presents the results with ho- 
mologous antirenin to semipurified hog renin 
from whole kidney. The minimum effective 
titer was the same as for antirenins to semi- 
purified or crude hog renins from cortex. 
Consequently, the interfering effect of hog 
renal medullary protein does not appear to 
involve an antibody mechanism. 

The passive transfer experiments summar- 
ized in table 4 were performed on dogs with 
hypertension of 4 to 56 months’ duration. I 
think it would be agreed that figure 4 shows 
sustained renal hypertension, since the dura- 
tion of the hypertension is 108 months. When 
a titer of 3 antirenin units per ml. of plasma 
was produced by passive transfer, the blood 
pressure fell to normotensive levels. As the 
antirenin titer decreased to 0, the blood pres- 
sure increased over a period of several weeks 
to the original level. Table 5 shows similar re- 
sults in 6 other dogs with long-sustained 
hypertension (93 to 128 months). In control 
experiments no antihypertensive effect was 
noted. Table 6 presents the over-all controls 
for the passive transfer experiments (the con- 
trol dogs of table 5 are included). Of the 11 
dogs represented in table 6, none showed any 
antirenin or antihypertensive effect. 
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We have also injected human renin into 
‘enal hypertensive monkeys and have pro- 
luced antirenin to human renin.® This re- 
sulted in an antihypertensive effect in chronic 
renal hypertensive monkeys. We have in- 
jected hog renin and antirenin to hog renin 
into spontaneously hypertensive dogs and into 
pyelonephritic hypertensive dogs. These ani- 
mals showed a good antihypertensive effect 
correlated with the antirenin titer.* 

We believe these results indicate that renin 
is an important pathogenetic factor in experi- 
mental renal hypertension in the dog and 
monkey and in spontaneous hypertension and 
pyelonephritic hypertension in the dog. Pos- 
sibly the conflict between the foregoing re- 
sults in dogs and the maintenance of hyper- 
tension following complete nephrectomy in 
chronic experimental renal hypertension in 
the rat may be explained on the basis that 
renin may exert its pathogenetic effect in 
renal hypertension by interfering with the 


proposed blood pressure regulating effect of 
the kidney, the absence of which is believed to 
produce renoprival hypertension. 
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Renal Pressor Sy 
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stem in Hypertension 


Evidence for Circulating Hypertensin in Chronic Renal 






Hypertension—Nature and Activity of Purified Hypertensin 


Hypertensin has been found in the circulating arterial blood in dogs with experimental rene] 





By Leonarp T. Skeaas, Jr., PH.D., AND JosepH R. Kann, M.D. 


hypertension and in human beings with essential hypertension. Two different chemical forms 
of the material have been obtained in purified form and their chemical constitution d>ier- 
mined. The decapetide hypertensin I is the initial product of the action of renin on its sub- 


strate. This material is transformed to the vasoconstrictor octapeptide hypertensin IT by 


chloride activated enzyme of the plasma. 


~~ on the problem of hypertension 
began at the Veterans Administration 
Hospital in Cleveland in 1950. At that time 
it appeared that the classic studies of Gold- 
blatt! had proved that high blood pressure in 
experimentally hypertensive animals, and 
probably also in human beings, was caused 
by a humoral substance released by the kid- 
neys. However, the chemical mediator was not 
easy to identify. The most obvious possibility 
was renin. This pressor enzyme had been 
found by Braun-Menéndez and his group* 
in the blood of acutely hypertensive animals 
and in a few patients with hypertension. 
Hypertensin, the enzymatic product of renin, 
had not been found. 

It seemed important to develop a method 
for the determination of hypertensin in blood. 
We first adopted the artificial kidney* for this 
purpose. Using this equipment, a simple salt 
solution was equilibrated with the flowing 
blood of the experimental animal across’ a 
large area of cellophane. The dialysate ob- 
tained was purified, concentrated and tested 
When this 
method was applied to normal dogs pressor 


for its pressor effect in the rat. 


material was found which ranged in conecen- 
tration from 0 to 0.08 Goldblatt units per L. 
of dialysate (table 1). From hypertensive 
dogs much larger amounts were obtained 


From the Department of Medicine and Surgery, 
Veterans Administration Hospital, and the Depart 
ment of Pathology, Western Reserve University, 
Cleveland, Ohio. 





TABLE 1.—Normal Dogs 
Dog Units of hvnertension 
no per L. of dialyzate 
34 0.04 
37 0.038 
38 0.08 
39 0.08 
) 0.00 
42 0.00 
32 0.00 


ABLE 2.—Dogs with Benign Experimental Renal 
Hypertension 





Dog Mean | No. days H vpertensin 
no pressure Operations | hypertensive U/L dialyzate 
42 | 140 | LK 4 0.53 
43 150 | LK 6 | 0.41 
32 200 LK & RK | 7 0.66 
28 | 165 LK & RK 10 0.52 
29 | 75 | Lk 15 0.18 
6 | 165 |RK&LK} 2 | 0.19 
6 | 155 |RK&LK| 2 | 0.10 
31 | 205 | LK & RK 29, | (0.75 
a it 155 


| LK & RK 90 0.13 


which ranged from 0.10 to 0.75 units (table 
2). One dog which had been hypertensive 
for 90 days had 0.13 units. 

Although these experiments were encour- 
aging, it was not feasible to apply the artificial 
kidney to human beings for this purpose 
alone. For this reason a method was devel- 
oped for the assay of hypertensin in blood. 
Samples of 250 ml. were drawn very rapidly 
from the femoral artery into an evacuated 
flask containing sufficient alcohol to stop en- 
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LE 3.—Assay of Hypertensin from the Blood of Dogs before and after Constriction of the Renal Artery 


with Development of Malignant Hypertension 


Before 


constriction 


Dog no Hypertensin Blood urea 


found nitrogen 


(U./L.) (mg./100 ml.) (mm. Hg) 


0.03 75 
0.04 190 190 
0.02 96 165 
0.05 150 160 
0.02 146 175 
No sample | No sample 185 
0.05 104 155 
0.02 93 185 
0.04 86 165 
0.02 119 160 


ie 


eS 
woe as 











ymatie reactions and precipitate the pro- 
eins. The alcoholic filtrate was purified by 
xtraction and chromatography on alumina 
ind the final preparation was assayed in the 
rat. Experiments indicated that 50 to 60 per 
‘ent of the hypertensin was recovered. 

The method was first applied to a group of 
10 dogs (table 3). Samples were taken for 
assay before and after severe constriction of 
the renal arteries with Goldblatt clamps. 
Those samples taken before the development 
of hypertension assayed between .02 and .05 
units per L. of blood, those taken 48 hours 
after constriction ranged from 0.1 to 1.2 units. 
By this time the blood pressure levels were 
elevated and uremia had set in. Samples 
taken 72 hours after constriction yielded a 
still more significant result. 

In order to estimate the importance of the 
amounts of hypertensin found, samples were 
taken from animals infused with hypertensin 
(fig. 1). 


laterally nephrectomized in order to avoid 


The dog used in this case was bi- 


any possibility of obtaining hypertensin re- 
sulting from the animal’s own kidneys. In- 
fusion of 0.2 units per minute caused an ele- 
vation of blood pressure to a plateau about 
35 mm. He mean pressure above the control 
level. During this time a sample was taken 
which assayed 0.16 units, a rather small 
amount compared to the amounts found in 
the malignant hypertensive dogs. 

The method was then applied to patients. 


48 hrs. after constriction 


Mean femoral 
blood pressure 





(Reprinted from J. Exper. Med. 95: 241, 1952.) 


72 hrs. after constriction 


Mean femoral Hypertensin 


Hypertensin Blood urea 

blood pressure | found 
| 
| 


found nitrogen 
(U./L.) (mg./100 ml.) 


(mm. Hg) (U./L.) 


.10 104 | 190 | 0.10 
2 Dead Dead | Dead 
. 20 207 155 0.25 
cae 146 175 1.0 
12 Dead Dead Dead 
20 218 165 =| 1.6 
.28 159 175 0.36 
.24 153 190 0.28 
29 141 165 | 1.0 
0.10 150 170 0.21 








TABLE 4.—Assay of Hypertensin in the Blood of 
Patients with Normal Blood Pressure 
from J. Exper. Med. 95: 523, 1952.) 


(Reprinted 





T 


| | Systolic Diastolic 
Patient | Age | Sex | blood 


blood | Hypertensin 
pressure found 


(mm./Hg) (U./L.) 


pressure 
(mm./Hg) 


v.pD.D|26|/mM{ 120 | 6 | 00 
L. G. B. | 1M] 120 | 80 00 
JG. | 23 | M 118 | 74 .00 
D. A.A. | M 130 | 80 00 
M. F. B,| |M| 124 | 68 .00 
M.F.H|32|}M] 114 | 60 | .00 
R.R.R.| 26|M | 114 | 90 .00 
ooh: | M 130 ~ 90 .00 
S.F.S. | M 120 | 6 | .00 
0.D.W. M | 130 74 .00 
R.C.P.| 26); Mj] 130 | 80 01 
W.L.F.| : M 120 70 .02 
J.G.B.|/32|/M] 119 | 65 02 
J.W.H.| 53|M] 15 | 80 02 
W.T.W.| 45|M | 119 85 .02 
T.G.H.| 33} M] 116 so. 02 
G.H. | 30) M | 125 | 80 .02 
H.W.E|27|M] 135 | 84 | .02 
P.J.L. | 1M] 1s | so 02 
P.C.F. 1M| 12 | 75 | 0.02 
J.J. | 36] MI] 126 79 | (0.08 
S.W. | 31} M] 120 | 82 03 
Ce. M 124 | 70 05 
F.B. | 28| M is | 78 | 0.05 


Blood samples taken from a group of 24 pa- 
tients with normal blood pressure assayed 
from 0 to 0.05 units (average 0.015 units) 
(table 4). 


a group of 18 patients with benign essential 


The same methods were applied to 


hypertension (table 5). The average amount 
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TABLE 5.—Assay of Hypertensin in the Blood of 
Patients with Benign Essential Hypertension* (Re- 


printed from J. Exper. Med. 95: 523, 1952.) 














Systolic Diastolic 
Patient | Age | Sex blood blood Hypertensin 

pressure pressure found 

(mm./Hg) (mm./Hg) (U./L.) 
A.J.L. | 36 | M 204 135 0.00 
A.N. 56 | M 173 111 0.00 
ALP. 62 | M 202 103 0.00 
E. E. A. | 59 | M 187 112 0.00 
A.J. L. | 36 | M 204 135 0.02 
F.P.T. | 55 | M 210 142 0.02 
C. A. 57 | M 164 105 0.02 
F. A.B. | 62 | M 165 116 0.02 
R. L. W.} 43 | M 201 134 0.02 
a P. 55 | M 198 130 0.03 
A. F.B. | 44 | M 146 100 0.03 
M.S. 51 | M 212 129 0.03 
H.E.G.| 59 | M 156 120 0.04 
L. A.G. | 63 | M 195 115 0.04 
F.S. 37 | M 170 106 0.05 
A. F.B. | 44] M 146 100 0.05 
C. D. K.| 57 | M 174 106 0.06 
C.M. 54 | M 206 125 0.06 











* The difference in mean units of hypertensin between 
the control normotensive group and the essential hyper- 
tensive group was tested (t test) and found significant 
at the 5 per cent level (p =0.03). 


TABLE 6.—Assay of Hypertensin in the Blood of 
Patients with Malignant Hypertension (Reprinted 


from J. Exper. Med. 95: 523, 1952.) 














Systolic Diastolic : 
Patient | Age | Sex blood blood Hypertensin 

| pressure pressure found 
| (mm./Hg) (mm./Hg) (U./L.) 
C.8. | 32)M| 227 | 150 | 0.08 
L.A.S. | 33 | M 202 | #146 | 0.10 
F.J.W. | 32 | M 205 | 149 | 0.11 
R.J.H. | 51 | M 225 133 | (0.11 
A.H.A. | 62 | M 220 | 120 | 0.31 
0.24 
J.A.G. | 38} M 206— | 134 | 0.24 
G.T. |54|/M]/ 203 | 148 | 0.24 
M.J. | 48] F 300 | 160 «| 0.40 
L.G. 47| F 289 «| s«159 0.40 
iT: 42|F | 247 | ~ 149 0.43 





found was 0.03 units, twice that of the normal 
group. The difference between these two 
groups, although small, is statistically signi- 
ficant. Much larger amounts were found in 
a group of 10 patients with malignant hyper- 
tension. In this case the average for the 
group was 20 times that of the normal pa- 
tients (table 6). 
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The human being is very sensitive to intra 
venously injected hypertensin (table 7). Si: 
normotensive patients were given doses of 1. 
to 2.5 Goldblatt units.6 In every case larg 
rises in both diastolic and systolic pressure 
were obtained. In one ease a 1.5 unit dos 
produced an increase in diastolic pressure o 
30 mm. Hg. Since human blood volume i 
about 5 I.., the concentration of hypertensi: 
in the blood of this patient could not hav 
been greater than 0.3 units per L., and was 
almost certainly lower due to its rapid utili 
zation. 

The results obtained in patients with mal 
ignant hypertension convinced the members oi 
our group that the elevation of blood pres 
sure in this form of the disease was probably 
mediated by the renin-hypertensin system. 
Although we were unable to obtain equally 
convineing data from patients with benign 
essential hypertension, we believed that the 
renin-hypertensin system was of great im- 
portance and deserved full study. Accord- 
ingly we attempted the purification of hyper- 
tensin from horse blood. During the course 
of this work we discovered the existence of 
two forms of this substance.® The first, which 
we called hypertensin I, is the initial product 
of the action of renin upon its substrate. 
Hypertensin I is converted to a second form, 
hypertensin II, through the agency of an en- 
zyme contained in the plasma. This enzyme 
requires chloride ion for its action. Thus, if 
renin is incubated with dialyzed plasma or 
erude renin substrate in the absence of chlor- 
ide ions, the product which is obtained is 
hypertensin I. If, however, chloride is added 
to the incubation mixture, the converting en- 
zyme is activated and the product is hyper- 
tensin II. These two substances were first 
distinguished by their distribution character- 
istics in the countercurrent apparatus. Later 
it was found that a more significant difference 
is exhibited when they are tested physiologic- 
ally. 

Dr. Helmer, working with an isolated rab- 
bit aortic strip had found a factor in plasma 
which enhanced the activity of angiotonin,‘ 
and suggested that this factor might be the 
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Infusion of Hypertensin 


Stel 


oo - tit 


infusion of Hypertensin 12:28 - 15 


0.46 units min. 


Fig. 1. 


Constant infusion of hypertensin into 


Ma 


W29-1635 
#05 - 1137 


0.2 units min 


Cen Nein 


infusion of 


Hypertensin | 27-145 


O2units min. 


bilaterally nephreectomized dogs. Samples of 


blood for assay of hypertensin were taken at 11:29, 1:00, 1:37 and 2:02. The amounts of hyper- 
tensin found were 0.16, 0.48, 0.24 and 0.008 units per L. respectively. 


hypertensin converting enzyme. This possi- 
bility was tested® in the isolated rat kidney. 
The preparation was perfused with physio- 
logic salt solution delivered by a constant vol- 
ime pump. The pressure of the perfusate 
was recorded with a mercury manometer. 
When hypertensin I was injected into the 
stream perfusing the kidney, no change in 
pressure was noted (fig. 2). When hyper- 
tensin IT was injected a pronounced vasocon- 
striction occurred and the pressure increased. 
Thus it would appear that hypertensin I is 
not a vasoconstrictor substance; in the blood 
stream, however, it is rapidly changed by the 
converting enzyme to hypertensin II which is 
the effector substance. 

The isolation of hypertensin I was accom- 
plished in 1954.2 The product obtained was 
purified by countereurrent distribution and 
was found to consist of one component. It 
appeared important to isolate the effector sub- 
stance hypertensin II as well, and we pre- 
pared converting enzyme from horse blood 
in moderately purified form.S This enzyme 
was used to treat a large amount of purified 
hypertensin I. The product was subjected to 
countercurrent distribution (fig. 3). The 
pattern obtained was in good agreement with 


TABLE 7.—Effect of Intravenous Injections of 
Horse Hypertensin upon the Blood Pressure of Sev- 
eral Human Subjects (Reprinted from J. Exper. Med. 
99: 275, 1954.) 


eee eee” 


Control Maximum 
Patient | Age | Sex Dose blood blood 

pressure pressure 
(units) (mm. Hg) (mm. Hg) 


2.é 120/82 
112/80 


190/120 
180/130 


120/90 
120/90 
128/90 


174/ 140 
172/130 
180/140 


120/70 
110/92 


160/120 
165/120 


108/60 
110/50 
110/54 


130/80 
130/80 
125/75 


110/72 
108/70 


160/100 
150/100 











33 | M 126/80 168/108 











a theoretical curve constructed for one com- 
ponent. The specific activity was 13,700 units 
per mg. nitrogen, making it the most powerful 
pressor material known.” 

Quantitative amino acid analyses of hyper- 
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TABLE 8.—Amino Acid Analysis of Hypertensin II 


Nitrogen as per cent of | Amino acid residues 
total nitrogen per 100 Gm. of sample ~_ 


Aspartic acid 

Proline ».82 | | 9.59 
Valine | 7.18 | 7.10 | 9.39 
Isoleucine | 6 9.42 | 6.28 | 9.23 
Tyrosine : | 6.80 | 6.28 | 95 
Phenylalanine j | 6.2! 5.21 | 74 
Histidine ».82 | ; 8 | 9.97 
Arginine* | 26 | 29.85 | § | 13.00 
Leucine 


Total | 81.63 | 89.59 | 85.62 | 84.64 90.95 


SKEGGS AND KAHN 
(Reprinted from J. Exper. Med, 104: 193, 1956.) 


Molar proportions 


Hypertensin IT Hyper- 
- tensin 
2 ; | I 


| | | | 1.02 | 1.03 
| 03 


03 
| 95 
| 00 | 96 
| 0. 04 
11. 
14.85 | 


87 
99 
.09 





| 7 © 
| Sé. 


* Calculated from the ratio of arginine to histidine found using the 15 em. dowex 50 X 8 column for 


basic amino acids. 


! ' t ‘ 
2 2 


Fig. 2. Perfusion of an isolated rat kidney by a 
constant volume pump 1. Injection of hypertensin TI. 
2. Equivalent doses of hypertensin IT. Rise in infusion 
pressure (ordinates) indicates vasoconstriction in the 
perfused kidney. (Reprinted from J. Exper. Med, 
103: 295, 1956.) 





TUBE NUMBER 


Fig. 3. Countercurrent distribution of hyperten 
tensin IT. (Reprinted from J. Exper. Med. 103: 


301, 1956.) 


tensin I (table 8) revealed the presence of 9 
different amino acids.'' All of these were in 
equimolar proportions except for histidine, 
of which there were two residues. Similar 
analyses of hypertensin II gave identical re- 


sults except that leucine and one histidin 
residue were missing.!* 

The amino acid sequence of both peptides 
was then determined!* '* by degradation with 
carboxypeptidase, chymotrypsin, and phenyl- 
isothiocyanate. That of hypertensin I was 
found to be asp-arg-val-tyr-isoleu-hist-pro- 
phe-hist-leu. 


z converting enzyme . : 
Hypertensin I -> hypertensin II + dipeptide 


converting enzyme 
> 


asp-arg-val-tyr-iso-hist-pro-phe-hist-leu 

asp-arg-val-tyr-iso-hist-pro-phe + hist-leu 
Elliott and Peart had obtained a sequence 
identical to this except that valine replaced 
isoleucine.'* The sequence which we ob- 
tained for hypertensin II is that of hyper- 
tensin I minus the two carboxyl terminal 
amino acids, histidine and leucine. We are 
pleased that this sequence has now been con- 
firmed by Bumpus, Schwartz and Page who 
have accomplished the synthesis of the eom- 
pound.! 

The peptide, his-leu, was isolated from the 
reaction mixture of hypertensin 1 and the 
converting enzyme, allowing us to state that 
the two amino acids are removed as one pep- 
tide and not individuaily. 

Removal of the aspartie acid from the n- 
terminal of hypertensin I by phenylisothio- 
cyanate yields a compound with approximate- 
lv 30 per cent of the original activity. Remov- 
al of either arginine or phenylalanine from 
hypertensin II yields an inactive product. 
Still more interesting is the observation that 





tdNAL PRESSOR SYSTEM IN HYPERTENSION 


t} > removal of ¢-terminal leucine from hyper- 


t asin I gives a material which is inactive 
on intravenous injection. Apparently the 
« mpound is not acted upon by the hyperten- 


<i converting enzyme. 


SUMMARY 


Hypertensin has been found in sufficient 
nounts to account for the elevation of blood 
ressure in dogs with experimental hyperten- 
~on as well as in human beings with malig- 
ant and essential hypertension. It is hoped 
iat the elucidation of chemical constitution 
nd biochemical relationship of the two forms 
of hypertensin may lead to the discovery of 
ethods of blocking the action of these com- 
pounds so that, in this manner, final proof of 
the participation of the renin-hypertensin 
iechanism in essential hypertension may be 
obtained. 
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Synthesis and Properties of Angiotonin 


By F. Meru Bumpus, PxH.D., Hans Schwarz, Pu.D., ano IrvINE H. Pace, M.D. 


Angiotonin has been shown to be formed by a converting enzyme in blood by the splitting off 
of the 2 amino acids histidine and leucine from the inactive decapeptide (asp-arg-val-tyr-ileu- 
his-prol-phe-his-leuc). The synthesis of the active octapeptide is described and its pharma- 
ecologic resemblance to the natural product is demonstrated. 


ered in 1939, but it was not until 1956 
that its structure was reported. In 1954 we 
published an amino acid analysis and a de- 
termination of the end amino acids of angio- 
tonin. We know now that the preparation 
used was about 75 per cent pure, which ac- 
eounts for the additional amino acids re- 
ported ; the end amino acids were later shown 
to be correct. 

During the purification of hog angiotonin, 
it was assayed on two separate preparations. 
One of these, the intact animal measured pres- 
sor activity only; the other, the rat’s uterus, 
measured oxytocie activity. 

In figure 1 is shown what we thought to be 
two separate factors, a pressor and an oxy- 
tocie-pressor substance. The material shown 
by the large peak has predominantly pressor 
activity with very little ability to stimulate 
smooth muscle. The second peak indicates a 
substance with high oxytocic and high pres- 
sor activity. In several preparations we have 
noted a +hird pressor substance, but always 
in small amounts. Numerous angiotonins are 


eo (hypertensin) was discov- 


possible in a preparation made from proteo- 
lytic enzymes. 

In figure 2 is shown the structure of angio- 
tonin. The complete structure of the decapep- 
tide isolated from beef as first demonstrated 
by Elliott and Peart! has isoleucine replaced 
by valine. The structures of horse decapep- 
tide? and hog angiotonin determined in our 
laboratory are identical and are shown in this 
figure. The structure of angiotonin octapep- 
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ACTiviTy 
PER SAMPLE 
UNITS- 


PRESSOR ACTiviTy 
THEORETICAL CURVE 


OXYTOCIC ACTIVITY 


220 240 90 80 
TRANSFER WO. TUBE NC 


Fic. 1. Countercurrent distribution of isolate: 
angiotonin in a basie solvent system. 


tide* (hypertensin II) and the point of attack 
by the converting enzyme are shown. 

We inferred the structure of the oxytocic 
pressor principle to be the same as that of 
hypertensin [IT and consequently carried out 
the synthesis of the octapeptide to prove it. 
Angiotonin contains 3 amino acids with mul 
tiple reactive groups: histidine and arginine 
with 2 basic groups and aspartie acid with 
2 acid groups. Histidine peptides can be 
made without protecting the imidazole group, 
but a nitro group must be added to the guani- 
dine group of arginine to prevent further re- 
action. The beta-carboxyl group of aspartic 
acid had also to be esterified to prevent fur- 
ther reaction. 

Because these protecting groups were re- 
moved by hydrogenolysis or hydrolysis, it was 
necessary to add these two amino acids as a 
dipeptide at the last step. It was first thought 
that the hexapeptide should be made from 
the 2 tripeptides: val-tyr-ileu and _his-prol- 
phe, however, the yields during the prepara- 
tion of the latter were so low that a new ap- 
proach was needed. 
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S7NTHESIS AND PROPERTIES OF ANGIOTONIN 
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Fig. 2. The structural formula of angiotonin derived from action of hog renin on horse and 
hog substrates. Note point of attack of enzyme changing the decapeptide (angiotonin I) from 
the inactive form to the octapeptide (angiotonin II) which possesses oxytocic-pressor, activity. 


METHODS 


Initially the four dipeptides were made and 
condensed in the following order: 

1. First ebzo-val-tyr-me ester was formed by the 
mixed anhydride method with 74 per cent yield. 
This was easily transformed into the hydrazide by 
heating in alcoholic hydrazine and finally to the 
azide with an over-all yield of 80 per cent: 

ebzo-val tyr-me 
fa 
EtOCOCI 
(Bu),N 


74 per cent | 


4 
cbzo-val-tyr-me 


80 per cent (1) H:NNH, 


i (2) HONO 
cbzo-val-tyr -N; 


2. The condensation of cbzo-ileu with his-me 
ester was also carried out by the mixed anhydride 


method, but in a lower yield than that for the 
previous dipeptide. This was obtained as the 
crystalline hydrochloride. The yield was increased, 
however, by recovering the unreacted cbzo-isoleu- 
cine and recondensing it with more _ histidine 
methyl ester : 

ebzo-ileu his-me 


_— 
58 per cent | EtOCOC(I)I1 
(Bu),N 


| 
ebzo-ileu-his-me-HCl 


| Pd (charcoal) 
ileu-his-me-HCl 


3. The tetrapeptide cbzo-val-tyr-ileu-his-me es- 
ter was made from the dipeptide acids derived 
from steps 1 and 2 and ileu-his-me ester. This 
ester was insoluble in solvents except dimethyl 
formamide; the azide prepared from it was too in- 





666 


soluble in all solvents to be used for condensations 
and because of this another means of condensation 
had to be used: 


cbzo-val-tyr-N, ileu-his-me 


| 
7o per cent 


cbzo-val-tyr-ileu-his-me 


NaOH 
cbzo-val-tyr-ileu-his 


4. Cbzo-proline was condensed with phenylala- 
nine methyl ester by the mixed anhydride method 
to yield cbzo-prol-phe-me ester. This could not 
be crystallized. After removal of both protecting 
groups the free dipeptide was crystallized easily 
and the erystalline prol-phe-me ester-HCl was 
obtained by re-esterifying with methanol and 
thionyl chloride. The over-all yield through all 
steps was 56 per cent: 


cbzo-prol phe-me 


EtOcocl 
(Bu),N 
¢bzo-prol-phe-me 
(1) Hydrolize 
(2) Pd (charcoal) H, 
(3) Re-esterify 
| 
prol-phe-me-HCl 
5. The tetrapeptide free acid was condensed 
with prol-phe-me ester by the amide modification 
of the diethylchlorophosphite method. This hexa- 
peptide was reprecipitated from acetone to give 
an analytically pure sample. 


¢bzo-val-tyr-ileu-his 


62 per cent | (EtO)-POC] 


prol-phe-me 


(Et).N 


1 
cbzo-val-tyr-ileu-his-prol-phe-me 


| H, 
Pd 


val-tyr-ileu-his-prol-phe-me 


6. Chzo-B-me-aspartic acid was condensed with 
nitroarginine to yield crystalline chzo-B-me-asp- 
NO.-arg. This dipeptide was condensed with the 
reduced hexapeptide shown in step 5 by the mixed 
anhydride procedure. The carbobenzoxy-nitro- 


BUMPUS, SCHWARZ, AND PAG] 


we 


Norodrenaline Noturol Synthetic Serotonin 


Angiotonin 


Fic. 3. Pressor responses in dog under pentobar 
bital anesthesia to intravenously injected noradrena 
lin (5 ug.), natural and synthetic angiotonin and 
serotonin (60 wug.). (Reprinted from Science 125: 


886, 1957.) 


angiotonin dimethyl ester thus obtained was diffi- 
cult to purify, however, after removal of the 2 
ester groups the resulting dibasic acid was easier 
to purify by reprecipitation. Reduction of this 
acid in the presence of palladium black catalyst 
vielded a biologically active preparation. Hydroly- 
sis and chromatography showed 8 amino acids 
present in almost equal quantities : 


chzo-B-me-asp NO.-arg 


EtOCOCI 
(Bu).N 


| 


chzo-B-me-asp-NO.-arg hexapeptide-me 


EtOCOC!I 
(Bu),N 
. ! . . 
chzo-B-me-asp-N O.-arg-val-tyr-ileu-his-prol-phe-me 
(1) NaOH 
(2) H.+ Pd 
| 


angiotonin (octapeptide) 
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RESULTS 

In figure 3 are shown responses in a dog 
) both natural and synthetic angiotonin. The 
esponse curves are almost identical and are 
ignificantly different from that of noradrena- 
ine and serotonin. 

When assayed against noradrenaline, syn- 
hetic angiotonin is 4 to 8 times as active by 
veight. It has a specific activity of more 
han 50,000 units per mg. nitrogen, which is 
similar to-that of the natural material. It 
ilso possesses strong uterine stimulating ac- 
iivity. This evidence suggests that the syn- 
thetic octapeptide is identical to the oxytocic- 
pressor principle angiotonin or hypertensin 
IT. 

The asparaginyl octapeptide corresponding 
to angiotonin octapeptide has been synthe- 
sized* and reported to have a similar pressor 


activity, but no data on its oxytocie activity 


has been reported. 
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Pressor Polypeptides Formed in Vivo and in Vitro as 
Mediators of Renal Hypertension 


By E. BrauN-MENENDEZ, M.D., anp A. C. Pauapin1, PH.D. 


During the purification of hypertensin formed in vitro, evidence of heterogeneity of the 





pressor activity was obtained by counter current distribution. Pepsitensin shows a similar 
heterogeneity. These facts lead to the hypothesis that other proteolytic enzymes may also be 
present in the tissues and may hydrolyze hypertensinogen with the formation of pressor poly- 


peptides of the hypertensin or pepsitensin type. 


Thus, substances similar to hypertensin may 


be formed in the organism by the action of proteolytic enzymes other than renin and may, if 
produced locally, exert a vasoconstrictor action or, if they enter the circulation, cause an in- 


ere:.se in blood pressure. 


HE importance of chemical mediators in 

normal and pathologie conditions is now 
universally recognized. The term ‘‘local hor- 
mones’’ was introduced not long ago by Pro- 
fessor Gaddum and is applied to ‘‘ pharmaco- 
logically active substances [having] impor- 
tant local functions in the regulation of tis- 
sue activity, particularly of involuntary 
muscles, gland cells and eapillaries.’*! This 
term does not include those substances which 
are set free in normal or injured tissue and 
may act on distant organs. Many of these 
occur naturally and may be considered as 
true hormones, while others have been proved 
to be formed only under artificial conditions 
and their function in physiologic or patho- 
logic conditions is thus only hypothetical. 

The polypeptides form an _ important 
group of these substances. Recently pharma- 
ecologically active organic acids have been 
shown to be formed in vitro and in vivo® and 
some of them have vasoconstrictor and pressor 
activities.*:* Table 1 gives a list of some 
pharmacologically active polypeptides. All 
of those formed in vitro by the action of pro- 
teolytic enzymes have the same substrate 
(a-globulin). Only vasopressin, hypertensin, 
and pepsitensin have a pressor action when 
injected intravenously. 

Vasopressin has been purified, its composi- 
tion and amino acid sequence recognized, and 
its synthesis achieved. We know, neverthe- 
less, that there are at least 2 vasopressins ac- 
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cording to their origin (hog or bovine) and 
differing only by the presence or absence of 
1 amino acid.® 

Hypertensin, or more correctly, some of the 
hypertensins, have been purified and 2 of them 
synthesized.*'!" During the purification of 
hypertensin prepared with hog renin and ox 
hypertensinogen, evidence of heterogeneity of 
the pressor activity was obtained by counter- 
current distribution in the systems 2-butanol, 
0.1 M ammonium hydroxide and 2-butanol, 
0.05 M sodium phosphate buffer pH 7.65. 
These results led to the study of the counter- 
current behavior of hypertensin preparations 
obtained with hypertensinogen from different 
animal species and hog renin. The results 
(fig. 1) show that hog, horse, and ox hyper- 
tensinogens each give rise to several active 
components on incubation with hog renin." 
A similar heterogeneity was found in the 
hypertensin formed in the plasma of a dog 
after total renal ischemia of 6 hours’ dura- 
tion. The plasma was incubated at 2 C. for 24 
hours. With some reservations it may be ten- 
tatively concluded that circulating hyperten- 
sin is also heterogeneous.) 

At present it is difficult to explain the ori- 
gin and physiologic importance of the hyper- 
tensins reported here, but it seems fairly well 
established that the preparations currently 
employed as starting materials for the puri- 
fication may consist of complex mixtures. At- 
tempts to distinguish some of the separate 
components pharmacologically have been un- 
successful up to now. Neither the pretreat- 
ment of the Nembutalized rat by different 
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PRESSOR POLYPEPTIDES AND RENAL HYPERTENSION 
TABLE 1.—Pharmacologically Active Polypeptides 
Inactivated by Substrate destroyed by 
Action | Pre- | Aleo- / 


Active Chymo-| Try- | Pepsin on Other actions Enzymes Substrate vious Heat | hol pH 
polypeptides |tryp in} psin B.P. renin ppt. 3.9 


+ | anti-diuretic _- —- 
anti-diuretic pepsin alpha-globulin 
uterus + — 
uterus + pepsin alpha-globulin 
gut + 
gut & uterus+ | urine? alpha-globulin 
gut & uterus+ | kallikrein | alpha-globulin 
gut & uterus+ | trypsin alpha-globulin 
gut & uterus+ | renin alpha-globulin 
gut & uterus+ | pepsin alpha-globulin 


Vasopressin 
Pepsanurin 
Oxytocin 
Pepsitocin 
Substance P 
Substance U 
Kallidin 
Bradykinin 
Hypertensin 
Pepsitensin 
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Fic. 1. Counter current distribution of different 
preparations of hypertensin. Solid line, experimental 
curve; dotted lines, theoretical distribution of a 
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single substance; Hog-Hog, hog renin and hog hyper- 
tensinogen; Hog-Horse, hog renin and horse hyper- 2 é ‘ a 
; epee ae ee Fig. 2. Maximal production of pepsitensin in re- 
tensinogen; and so on. The pressor activity was tes H 
measured in nephrectomized rats anesthetized with ation to pit. 
Nembutal. One rat unit is the pressor activity of 
0.2 ml. of a standard hypertensin preparation which If the mixture of hypertensinogen and an 
raises the blood pressure 20 to 35 mm. Hg and is : sheath tg 
3 : : ; adequate amount of pepsin is incubated a ¢er- 
equivalent approximately to 0.01 Goldblatt units. ; 5 os cee ; ; 
(Reprinted from Biochem. et Biophys. Acta 18: 580, tain time, acidified to pH 5 with dilute HCl, 
1955.) and then brought to boiling in a water bath, 
a maximum production of pepsitensin is ob- 
drugs, nor parallel assays of vasoconstrictor tained independently of the time and temper- 
and plain muscle stimulating action, in order ature of incubation. Concentration of the en- 
to find a significant ‘‘index of discrimina- zyme and pH of the mixture, on the other 
tion,’’ have given definite results." hand are variables which determine the 
Pepsitensin is the product of hydrolysis of amount of pepsitensin formed. It was found 


hypertensinogen (a-2-globulin) by pepsin. that 3 to 5 mg. of erystallized pepsin per ml. 
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Fig. 3. 
tensin obtained at pH 6.3 


Counter current distribution of bovine 
and 4.3 (P6.3, P4.3) and 
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20 
TUBE No 


hypertensin H as compared with bovine pepsi- 
with pepsitensin the 


a 12 


obtained by action of 


pepsin at pH 6.3 on heat coagulated bovine hyper-tensinogen previously treated with renin to pro- 


duce maximal amounts of hypertensin 


tions due 
TABLE 2.—Marimal Production of Hypertensin and 
Pepsitensin 


Renin 
mg./ml. 
Hge n* 
sede 7.5 


0.1 104 
0.3 92 
0.5 104 
1.0 112 


Av. 103 


Pepsin 
mg./ml. 
Hgen 
— 4.3 


Pepsin 
mg./ml. 
Hgen 
pH 6.3 


Rat U. 
per ml. 
Hgen 


Rat U. 
per ml 
Hgen 


Rat U 
per ml 
Hgen 


| 

| 100 100 
; 94 r 93 
8 ~ 120 
| 





*Bovine hypertensinogen: 1 ml. equivalent to 3 ml. 
of original plasma. Time of incubation at 30 C. for 
renin, 20 min. and for pepsin 5 . — min. Results 
are expressed in “rat units’ ressor activity, 
approximately equivalent to .01 os x (Goldblatt) units. 
Renin solution used contained 1 dog unit per ml. 


of hypertensinogen is the optimum concentra- 
tion (1 ml. of hypertensinogen is equivalent 
to 3 ml. plasma). At this concentration, max- 
imal production of pepsitensin changes with 
pH of the mixture, showing maxima at ap- 


(H-P6.3). 


to the small amount of material available. 


Distribution of H-P6.3 was only of 3° equilibra- 


proximately pH 4 and at pH 6.3." As was 
known, the proteolytic activity measured by a 
modified Anson’s method diminished with in- 
creasing pH (fig. 2). 

A given amount of hyperteusinogen yields 
equivalent pressor units of hypertensin or 
pepsitensin when treated with renin or pep- 
sin under optimal conditions (table 2). Pep- 
sin is able to form nearly 
of pepsitensin 


maximal amounts 
(80 per cent) when acting upon 
heat-coagulated hypertensinogen, and about 
15 per cent of the normal production with 
heat-coagulated hypertensinogen previously 
treated with renin. Evidence of heterogene- 
ity of the pressor activity of pepsitensin prep- 
arations was also obtained by counter current 
distribution (fig. 3). 

The fact that a maximum of pepsitensin 
formation was observed at pH 6.3 led to the 
hypothesis that proteolytic enzymes 
present in the tissues might hydrolyze hyper- 


other 
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tensinogen with the formation of pressor 
polypeptides of the hypertensin or pepsiten- 
sin type. Extracts of spleen were prepared 
according to the method of Fruton and Berg- 
mann’ for cathepsin, and incubated with 
hypertensinogen. Experiments are still in 
progress, but in spite of some encouraging 
preliminary results, nothing definite can be 
stated regarding the production of pressor 
polypeptides by this reaction. 

Recently Dengler’® has presented evidence 
that the arterial wall contains a thermolabile, 
nondialyzable factor precipitated with am- 
monium sulphate between 0.3 and 0.6 satura- 
tion which, when incubated with plasma glob- 
ulin, yields a substance with vasoconstrictor 
and pressor activity and which contracts the 
rat’s uterus and the guinea pig’s ileum. It 
could be argued that the arterial wall could 
contain renin, as suggested by Introzzi et 
al., }® but apparently the arterial wall extract 
is not identical with renin. No definite proof 
is yet available of the polypeptide nature of 
the product of its reaction with plasma globu- 
lins; nevertheless this possibility must be 
borne in mind. 

It does not seem illogical to assume that the 
production of pharmacologically active sub- 
stances by the action of tissue enzymes on 
blood substrates may be one of the homeo- 
static mechanisms of the body. The formation 
of polypeptides by the action of proteolytic 
enzymes on blood globulin (especially «-2- 
globulin) is one of such mechanisms. Many 
polypeptides have been studied and there may 
be many more. The physiologic significance 
of bradykinin or bradykinin-like substances 
has recently been recognized as playing a role 
in changes of capillary permeability, produc- 
tion of local pain, and vasodilatation... The 
facts discussed in this paper suggest that sub- 
stances similar to hypertensin may be formed 
by the action of proteolytic enzymes other 
than renin and may, if produced locally, exert 
a vasoconstrictor action or, if they enter the 
circulation, produce an inerease in_ blood 
pressure. 
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Studies on the Renal Humoral Mechanism of 
Chronic Experimental Hypertension 


By Auperto C. Taquint, M.D., Pepro Buaquier, M.D., AND ALBERTO C, 


‘ 


TAQUINI, JR. 


The renin content of the kidneys from chronic renal hypertensive dogs rises when the kidneys 
are transplanted to the neck of a normotensive nephrectomized animal. This elevation pre- 
cedes and accompanies the elevation of the blood pressure of the recipient. This type of 
experiment does not allow one to draw conclusions concerning the humoral mechanism of 


chronic renal hypertension. 


N PREVIOUS investigations we have 
] shown that the renin content of the blood 
and of the kidneys of patients with hyperten- 
sion and of dogs with chronie hypertension 
due to renal ischemia is similar to that found 
in controls of both species.’ Clamping of 
the renal artery brings about a rapid increase 
within the first 20 minutes in the amount of 
renin in the kidney. This usually reaches a 
peak within 60 minutes after the initiation of 
the ischemia.* If the renal ischemia is pro- 
longed the quantity of renin diminishes, even 
though the blood pressure remains elevated, 
and in a variable number of days decreases to 
normal. These experiments, which are in 
keeping with observations made in man and 
in experimental animals," suggest that 
renin may play some role during the acute 
phase of the hypertension in those cases in 
which there is an impairment of the renal 
circulation, but serious doubts arise as to its 
possible participation in chronic hypertension. 

The grafting of a normal kidney to the 
neck of another normal dog does not result 
in the elevation of the blood pressure of the 
recipient.° The grafting of a kidney taken 
from a dog with chronic hypertension due 
to renal ischemia into the neck of a normo- 
tensive dog brings about a rise in the arterial 
pressure of the recipient.1* These facts be- 

From the Centro de Investigaciones Cardiologicas, 
Virginio F. Grego Foundation, Faculty of Medical 
Sciences, University of Buenos Aires, Buenos Aires, 
Argentina. 


came the crucial experimental basis of the 
humoral theory of renal hypertension. A 
rapid rise in the renin content of the grafted 
kidney, which might be the consequence of 
interference with its circulation after trans- 
plantation, could explain the changes in pres- 
sure observed. If this were so, these experi- 
ments would not reflect the true state of af- 
fairs in chronic hypertension of renal origin. 

To study this aspect of the problem further 
we repeated Houssay and Fasciolo’s experi- 
measuring the amount of renin 
present in the kidney at the moment at which 
the ischemic kidney was removed from the 
hypertensive animal and after grafting it into 
the neck of the recipient. 


ments,!4 


METHODS 


Arterial hypertension was produced in 10 dogs 
according to the technie of Goldblatt, with bi- 
lateral renal ischemia in 5, and unilateral ischemia 
and nephrectomy of the remaining kidney in the 
other 5. After 4 to 65 days a biopsy of the 
ischemie kidney was obtained under anesthesia. 
The kidney was later removed and grafted into 
the neck of a normotensive dog following a technic 
similar to that used by Houssay and Fasciolo." 
As soon as the cireulation to the grafted kidney 
was re-established, the blood pressure variations 
of the recipient were recorded. Arterial blood 
samples and biopsies of the grafted kidney were 
obtained in 20 minutes at a time when the blood 
pressure had usually reached a maximum. The 
renin content of the samples was determined ac- 
cording to Leloir’s technic’ as perfected in this 
laboratory.” After destruction of hyperten- 
sinase, extracts from plasma or kidney biopsy 
samples were incubated with an excess of hyper- 
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Duration 
of the 
ischemia 
(days) 


TABLE 1.—Results of Renin Assays in Blood and Kidneys 


B.P. of the 
hypertensive 
dog (mm. Hg) 


Increase in 
B.P. of the 
receptor dog 
(mm. Hg) 


Before ischemia 


Determination of renin: reduction in drops in the 
Laiwen-Trendelenburg preparation 





After ischemia 


Kidney 


Blood Kidney Blood In situ Grafted 





28 28 





10 





10 





10 





11 





10 





10 





16 





12 





10 





165 10 














165 15 10 




















10 








*Std. is a measurement of the reduction in drops resulting from 0.0025 units of hypertensin. 
Duration of the ischemia represents number of days after Goldblatt type of renal arterial constriction 


was instituted. 


In situ kidney values were obtained from the donor dog’s kidney before nephrectomy and grafted 
kidney values are 20 minutes after transplantation. Blood samples were taken from the carotid artery 
of the receptor dog before and after graft of the ischemic kidney. 


tensinogen. The hypertensin formed by the re- 
action was measured by its vasoconstrictor effect 
using the Liwen-Trendelenburg method of per- 
fusing the hind leg preparation of a_ toad 
(Bufo hensel) with Hiilse’s solution. 
The vasoconstrictor effect of an unknown solution 
was measured in terms of the maximum reduction 
in the number of drops perfused per minute as 
compared with the reduction following injection 
of a standard solution containing hypertensin. 
The preparation is sensitive to 0.001 units of 
hypertensin. The standard was 0.0025 units of 
hypertensin (1 unit of hypertensin is that amount 
which produces blood pressure elevation of 20 to 
30 mm. Hg in the average 10 Kg. dog anesthe- 
tized with chloralose). The method permits the 
determination of very small amounts of renin, since 
a measurable amount of hypertensin (.001 units) 
is formed by ineubation of as little as .002 units 
of renin or approximately 2 X 10° Goldblatt 
units.° 


arenarum 


RESULTS 

The results appear in table 1. The quan- 
tity of renin found in the blood and in the 
tissues obtained by renal cortical biopsy of the 
hypertensive dogs varied with respect to that 
found before the ischemia was produced ac- 
cording to the time elapsing between clamping 
the artery and taking the samples. In 1 ani- 
mal (no. 34) with ischemia of 4 days dura- 
tion, a marked increase of kidney renin was 
observed. In 2 (nos. 47,53) in which the 
determinations were made after 7 and 10 days, 
respectively, the increase was only slight. In 
8 of 9 dog kidneys undergoing ischemia of 
more than 22 days duration, the renin con- 
tent was almost the same as the control val- 
ues; in only 1 of these (no. 38) was the renin 
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Fic. 1. Upper section, variations of blood pressure 
of recipient dog following grafting of kidney (0 
time); lower section, reduction in number of drops 
produced by the kidney extracts before and 20, 50, 
and 120 minutes after grafting (closed bars), as 
compared with the standard solution of hypertensin 
(open bars). 


level found to be significantly higher after 
the ischemia than before. 

The renin found in the kidney increased 
in all cases during the time the grafted organ 
was in the neck of the receptor. This increase 
in renin content of 25 to 100 per cent, al- 
though moderate, was significant by our 
method of testing, and appeared regularly in 
all the kidneys grafted, with the exception of 
the ischemic kidney of 4 days duration in 
which the amount of renin in the kidney 
before removal was very high and remained so 
during the period in which it was grafted. 

The blood pressure of the recipient animal 
increased in 10 of 12 experiments from 10 to 
60 mm. Hg. In 2 animals (nos. 47,49) no 
change in blood pressure was observed at- 
though the renin content increased 25 per cent 
in the grafted kidney. 


DiIscussION 
The results of these investigations show 


that the renin content of the kidney returned 
to normal in all those animals in which the 
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ischemia was sufficiently prolonged. The in- 
erease found in 1 dog after 63 days of ische- 
mia is difficult to explain. It. may be that 
the rather prolonged surgical maneuvers 
necessary to obtain the biopsy gave rise to 
an ischemia sufficient to cause a transient in- 
crease in the renin content. 

The remaining results are in keeping with 
our previous investigations. During the time 
in which the ischemic kidney from the hyper- 
tensive dog was grafted into the normoten- 
sive recipient, its renin content was in- 
creased. This increase can be explained by a 
reduction in renal blood flow due to 2 mecha- 
nisms: (a) the fact that the kidney must, per- 
foree, be irrigated at the lower blood pressure 
of the normotensive recipient, and (b) that 
a reduction of the vascular lumen is brought 
about at the site of anastomosis of the renal 
artery to the carotid artery of the receptor. 
As we have shown in earlier investigations,* 
an acute, incomplete ischemia gives rise to a 
rapid inerease in kidney renin content. There- 
fore, these grafting experiments, per se, do 
not allow a conclusion that the kidney of the 
animal with chronic hypertension liberates a 
substance, renin or other, that acts as a medi- 
ator for humoral hypertension. 

These experiments, as well as our previous 
studies showing that the amount of renin in 
human and also in experimental animal kid- 
neys inereases during the initial stages of 
renal ischemia and later returns to normal, 
lead one to think that renin intervenes in the 
elevation of blood pressure under cireum- 
stances in which the renal blood flow is acutely 
reduced. When the factor determining the 
reduced flow is maintained, as happens in the 
animal with a clamp on the artery, other 
mechanisms are brought into play so as to 
maintain the blood pressure at sufficiently 
high levels to assure an efficient renal blood 
flow. Under these circumstances the renin 
content of both kidney and plasma returns to 
normal levels. 

The results obtained in one of our experi- 
ments (fig. 1) may be significant in this re- 
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spect. The grafted kidney obtained from a 
dog with a mean blood pressure of 170 mm. 
Hg inereased its renin content after being 
placed in the neck of a dog whose blood pres- 
sure was 140 mm. Hg. During the course of 
the experiment the blood pressure of this 
latter dog increased 60 mm., reaching 200 
mm. Hg. Simultaneously the renin decreased 
in the grafted kidney to the level found pre- 
viously when in situ in the donor. 

Our results lend further support to the 
theory that renin is one of the regulating 
mechanisms in chronic arterial hypertension, 
but that it can by no means be considered the 
main agent directly responsible for the main- 
tenance of the elevated blood pressure. 
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Discussion of Reports on Renal Factors in Hypertension 


R. HOOBLER: Dr. Blaquier, I under- 
D stand that your experiment involved 
the transplanting of the clamped kidney of 
the chronic hypertensive dog into the neck 
of a normal recipient dog. In these cireum- 
stances, in 10 of 12 instances there was a sig- 
nificant elevation of blood pressure. Did 
transplanting a normotensive kidney from a 


normal animal into a normal dog give any 
rise in blood pressure ? 

Dr. Biaguier: The transplantation of a 
kidney by this same technic from a normal 
dog to the neck of another normal dog usually 
does not increase the blood pressure of the re- 
cipient. This work was done by Fasciolo' who 
grafted 25 kidneys from normal dogs. In 21 
cases there was no change in the recipient’s 
blood pressure and in 4 cases the blood pres- 
sure rose. 

Dr. Hoosier: One can say, therefore, that 
the chronic clamped kidney, when entering 
into the circulation of another animal, in some 
fashion raises the blood pressure. Whether a 
renin mechanism is involved or otherwise, the 
fact remains that there is a rise in blood pres- 
sure which does not occur with the normal 
kidney grafted into a normal dog. 

Dr. BrRauN-MENENDEZ: It appears that a 
grafted kidney, per se, will not cause hyper- 
tension. Hypertension occurs only if the 
grafted kidney is perfused at a lower pressure 
than it was in the intact animal. 

Dr. Lancrorp: One of the disturbing 
things in the whole renin hypothesis has been 
the inability to raise the level of the blood 
pressure of the normotensive dog to marked 
hypertension by infusion of angiotonin. 

Dr. WAKERLIN: It is possible to produce a 
chronie increase in blood pressure in rabbits 
by continuous intravenous infusion of renin 
for periods up to 2 to 3 weeks.” 

Dr. Lanerorp: I assume you were refer- 
ing mainly to Dr. Pickering’s data, but this 


was a rise of only 30 mm. instead of 100 mm. 
Hg.2 Are there any 100 mm. Hg data? 

Dr. WaKERLIN: I was referring to Dr. 
Pickering’s data. No, I know of no 100 mm. 
data from the continuous infusion of either 
renin or angiotonin. 

Dr. HetmMer: Corcoran, Kohlstaedt, and 
Page*: * infused angiotonin into men and dogs, 
and the limit of how high the pressure was 
elevated depended upon the amount of angio- 
tonin which I could make up in those days. 
I supplied Dr. Ernest Page with angiotonin 
which he injected intravenously in a series of 
pregnant patients. In one patient with tox- 
emia he got such a high elevation of pressure 
that he discontinued the experiments. 

Dr. WaKERLIN: I would like to make one 
other comment. I would not be concerned 
about the height of the blood pressure that 
can be obtained by intravenous infusions of 
renin or hypertensin, but I would be more 
concerned about the fact that intravenous in- 
fusion with both of these substances increases 
the pulmonary arterial pressure. This does 
not happen normally in either essential hyper- 
tension or in chronic renal hypertension. This 
is much more of an argument against the 
renin or hypertensin pathogenesis of experi- 
mental renal hypertension and of essential 
hypertension, I think, than is the question of 
the level of the systemic blood pressure ob- 
tained by renin or angiotonin infusion. 

Dr. Kourr: I should like to discuss the 
paper of Dr. Blaquier. Brull and Dumont®: ® 
in Belgium used a special technic of perfus- 
ing a pair of transplanted kidneys. They 
first took the donor dog and removed all of 
his intestines. Then they made an anasto- 
mosis between the carotid artery of the per- 
fusor dog and the lower part of the aorta of 
the donor dog, and between the jugular vein 
and the lower part of the vena cava. As soon 
as they opened these anastomoses they 
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Each orrow 9 minutes constriction of arterial blood supply ( 30mmHg) 
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Fic. 1. A 7 day nephrectomized dog was maintained on a high protein diet and was treated with 


peritoneal dialysis. Unusually large pressor responses were seen when a pair of normal kidneys 


were connected in the neck of this dog. Arrows, 18 minute constriction of renal blood supply so 
that a perfusion pressure of 30 mm, Hg resulted. It could be repeated 10 times. During the course 
of the experiment a gradual rise in blood pressure took place, but the pressor response to the 


repeated constriction became less and less. 


clamped the aorta and the vena cava under 
the diaphragm so that there was no period of 
anoxia when they transferred the kidneys. 
There was no constriction of the carotid 
artery because they had the carotid artery 
connected to a large aorta with a Blakemore- 
Lord tube. 

Dumont’ did this experiment with a dog 
with chronic renal hypertension. He trans- 
planted the kidneys, Goldblatt clamp and all, 
and he did not get a rise in blood pressure 
in the perfusor dog. He coneluded that even 
in a nephrectomized, very sensitive perfusor, 
the amount of renin released by the kidneys 
with the clamp was not sufficient to cause a 
rise in blood pressure in the perfusor. How- 
ever, he then clamped the Goldblatt clamp a 
little more and got the well-known renal pres- 
sor response. 

Figure 1 shows a dog which happened to 
have a low blood pressure when the kidneys 
were grafted to his neck. Every time a con- 


striction was placed on the renal artery a 
quite large pressor response oceurred. It 
could be repeated in a sensitive dog 10 times. 
The recipient dog had to be nephrectomized 
and put on a high protein diet before the 
procedure was earried out. This could not 
be done in a normal perfusor dog. 

To pin down whether or not pulsatile or 
nonpulsatile flow has anything to do with the 
release of renin, a depulsating chamber is 
added to the free end of the aorta, and this 
is switched in or out to get a pulsatile or 
almost nonpulsatile flow. In figure 2 are 
shown the blood pressure responses that occur 
in a sensitive animal when the perfusion 
pressure is reduced to 70 mm. Hg. The pres- 
sor responses to pulsatile or nonpulsatile flow 
are the same. At the release of the clamp, 
the blood pressure comes down, and no matter 
how often we tried it we found no difference 
between pulsatile and nonpulsatile flow. If 
you want to do it in another way, you can 
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KIDNEY PERFUSION - Pulsatile, nonpulsatile 


(N) (N.P) 
PRESSOR RESPONSE 
anne PERFUSION 
80 ---- 80 40 < PRESSURE 


Dog 2. = 
77 
° 


PERFUSION 
55 +—— PRESSURE 


HOUR 
4th 


OF 
PERFUSION 


Fic. 2. Into a bilaterally nephrectomized overhydrated dog (no. 77) a pair of normal kidneys 
weighing 62 Gm. were transplanted to the vessels in the neck according to Brull’s technic. A 
balloon attached to the free end of the transplanted aorta could be switched in and out to reduce 
pulsations without effecting the perfusion pressure. After 4 hours of perfusion, the blood flow 
to the transplanted kidneys was restricted. Each period of pulsatile flow, P, was followed by 
a period of nonpulsatile flow, NP. It may be seen that perfusion pressures of 90 and 80 mm. Hg 
did not result in any inerease in blood pressure (no renin effect). Pressures of 70 mm. Hg, 
whether pulsatile or not, produce a pressor response. 

In a similar preparation (dog no. 76), 4 hours after the onset of perfusion the first constriction 
of the flow to the transplanted kidneys took place. Perfusion with 55 mm. Hg nonpulsatile flow 
causes a rise in blood pressure of 20 mm. Hg. In this experiment there seems to be no difference 
between the pressor (renin) response provoked by pulsatile or nonpulsatile flows with mean per- 
fusion pressures of 55 mm. Hg. 

The arrangement of the two kidneys connected to the earotid artery and the jugular vein of 
the perfusor dog is shown. A balloon is attached to the other end of the transplanted aorta and, 
if a serew clamp to this balloon is opened, most of the pulsations are abolished in the reservoir 
containing air at appropriate pressure. For an example, a Lilly manometer needle placed in the 
transplanted aorta between the perfused kidneys measured a perfusion pressure of 70/52 mm. Hg 
(the pulse pressure was 18); when the clamp to the depulsator was removed and the air cushion was 
opened, the mean pressure stayed the same, but the pulsations were almost abolished. 


use a pump and have a depulsating chamber flow to the transplanted kidney nor the non- 
in the arterial line. Dr. Dustan and I did pulsatile flow gave a pressor response. When 
many of these experiments 3 years ago and the perfusion pressure was lowered, the 
alternated nonpulsatile and pulsatile perfu- ‘‘renin’’ response occurred. The same re- 
sion of the kidney in acute experiments. In sponse occurred with a pulsatile flow. 

figure 2, you see that neither the pulsatile Dr. Divry® in Belgium believes that kid- 
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neys perfused with venous blood do not give 
i pressor response. However, if the perfu- 
sion pressure is reduced the renin response 
appears. Her conclusion was that the pres- 
sor response was due to baroreceptors in the 
kidney and not to lack of oxygen, because 
perfusion with venous blood did not produce 
it. So far, these experiments have neither 
been confirmed nor contradicted. 

My conclusion is that acute constriction of 
the renal artery causes a pressor response in 
the sensitized dog. During nonpulsatile per- 
fusion, as in the chronic hypertensive dog, 
renin is probably released in amounts too 
small to cause this pressor response. We be- 
lieve that these small amounts of renin work 
by impeding the hypertension reducing fune- 
tion of the normal kidney. 

Dr. Wexuter: Dr. Miller and his associates 
at the May Institute have been actively en- 
gaged in the study of experimental trans- 
plantation of the dog kidney. The trans- 
planted kidney shows early changes in its 
metabolism. Is it possible that the trans- 
planted kidney that you describe is altered to 
the extent that its ability to produce pressor 
substances is materially changed? I should 
also like to know what conditions you require 
to get transplant survival for such long pe- 
riods ; our transplants last only 1 week. 

Dr. Kourr: Dr. LeFebvre of Belgium has 
transplanted many dog kidneys; I think that 
they survive for 3 weeks at least.1° 1! You 
can also put them in a refrigerator and cool 
them for 24 hours and they still do well.!! 

Dr. SraMLeR: With respect to renal 
homotransplantation in nephrectomized dogs, 
recent extensive experiences by Dr. J. T. 
Sheridan in our laboratory clearly confirm 
that otherwise untreated animals usually do 
well for about 5 days following this proce- 
dure. Further, Dempster and associates 
originally showed, utilizing autotransplanta- 
tion, that the results of this procedure are 
superior in the pelvis, with anastomosis to 
the iliac vasculature, to those in the neck. 
The latter results in a hyposthenurie organ, 
the former a virtually normal one. Our ex- 
periences amply confirm this. 
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Dr. SanceTtta: My question is directed at 
Dr. Wakerlin. Relative to his statement in 
regard to the effect of hypertensin on the pul- 
monary artery pressure, I should like to ask 
the following questions: 1. Has the increase 
in pulmonary artery pressure following in- 
fusion of hypertensin been substantiated for 
dog or man? 2. What is the order of magni- 
tude of that rise? 3. What happens to the 
venous return ? 

Dr. WaKERLIN: It has been authenticated 
both for man and the dog. The height of the 
rise, as I recall it—I didn’t do these experi- 
ments myself, by the way—was as much as 
50 per cent of the normal pressure in the pul- 
monary artery. 

Dr. Sancetta: What happened to the 
venous return, and who did the work? 

Dr. WaKERLIN: The work in the human, 
I think, was done by Dr. Gregory of Texas! 
and the work in the dog by Dr. Katz and his 
group. 

Dr. Sancetta: Obviously, the question of 
venous return is crucial. 

Dr. Wakeruin: Yes, I think the question 
of venous return is important. 

Dr. BrauN-MENENDEZz: I think this is dis- 
cussed in an article in Pharmacological Re- 
views.1® 

Dr. Hooper: What is the point that you 
are making with this question about inerease 
in pulmonary artery pressure? 

Dr. Sancetta: The crucial point is that 
if the venous return and pulmonary artery 
pressure are greatly elevated, then one needs 
a determination of both pulmonary capillary 
pressure and pulmonary arterial resistance. 

Dr. McCussBin: We have just done some 
preliminary experiments in which atrial 
pressure, pulmonary pressure, and systemic 
arterial pressure were measured simultane- 
ously. The small increases in pressures in 
response to angiotonin infusion do not ae- 
count for the rise in pulmonary arterial blood 
pressure. The maximum rise we observed, in- 
cidentally, was 10/2 to 3 mm. Hg. 

Dr. Sancetta: A 50 per cent inerease in 
pulmonary artery pressure is extremely sig- 
nificant nevertheless. 
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Dr. McCussin: What is the range in hy- 
pertensive patients? 

Dr. Sancetra: In hypertensive patients 
who are not in failure pulmonary artery 
pressure is invariably normal, provided there 
is no other associated disease and no left ven- 
tricular failure. 

Dr. STaMLER: This problem was studied 
in our department almost two decades ago.” 


Pulmonary and systemic arterial pressures 
were simultaneously measured in the trained, 
unanesthetized dog. With the usual systemic 


pressor response to intravenous renin and 
angiotonin, a proportional rise in pulmonary 
arterial pressure was recorded, averaging 9 
and 12 mm. Hg respectively. This pulmonary 
pressor response was interpreted as passive, 
i.e., secondary to effects on the heart and sys- 
temic circulation, and not as active pulmonary 
vasoconstriction. 

Dr. Leonarp: I would like to ask a ques- 
tion. I guess it would be directed to Dr. 
Skeggs. If I put things together correctly, 
I gather that the chronic renal hypertensive 
animal has an elevated concentration of hy- 
pertensin, whereas renin levels are normal 
after the acute phase is over. I wonder if it 
could be possible that the rate limiting step 
here might be conversion of hypertensin I to 
hypertensin II, and that possibly this hyper- 
tensin-converting enzyme is inereased in 
chronic renal hypertension. Do you have any 
information on the converting enzyme or on 
the concentration of hypertensin I or IT in 
the chronic renal hypertensive animal? 

Dr. Sxeces: I think that Dr. Helmer can 
answer your questions better than I can. 

Dr. Heimer: Dr. Sanders and I'* have 
examined the amount of converting enzyme 
in 21 patients with hypertension. In 8 pa- 
tients there was a definitely higher content 
I think it is 
still too early to draw conclusions on this 
amount of data. 

Dr. Rosert: This question is directed to 
Dr. Goldblatt who expressed the opinion that 
the arterial lesions seen in hypertension, par- 
ticularly in the kidney, are not due to the ele- 
vated pressure itself. I wonder how, on this 


than found in normotensives. 


basis, one could explain why in his prepara- 
tion arterial lesions are seen in the contra- 
lateral kidney only, whereas the vessels in the 
clamped kidney are always normal in strue- 
ture. It seems to me that Dr. Goldblatt’s 
experiments tend to show that the actual in- 
crease of blood pressure can become patho- 
genic to the vessels. In fact, the most 
striking difference between both kidneys is 
that the clamped one is in a state of hypo- 
tension—due to mechanical obstruection— 
whereas the other is submitted to high blood 
pressure. Since the humoral composition of 
the blood flowing through these organs is pre- 
sumably identical, it is tempting to assume 
that hypertension itself plays an important 
role in the development of arterial lesions in 
the contralateral kidney. 

Dr. Go_pBLatT: I speak for the dog, not 
for the rat. At no time, in my experience, 
have I ever seen the development of a vascular 
lesion of any kind in the contralateral, normal 
kidney of a dog with elevated blood pressure 
as the result of constriction of the main ar- 
tery of only one kidney. In the dog, if one 
wishes to produce a vascular lesion in the 
contralateral kidney, it is necessary to use a 
method which was employed by Dr. J. R. 
Kahn and me,'* to tie off the ureter of one 
kidney and greatly constrict the main artery 
of the other kidney. This results in im- 
pairment of renal excretory function, in addi- 
tion to the hypertension, and the combined 
effects of the elevated blood pressure and of 
a chemical factor in the blood, whatever this 
may be, cause the development of the necro- 
tizing lesion in the arterioles of the kidney 
with intact renal artery and with ureter tied 
off, but not in the kidney with the renal ar- 
tery constricted. As concerns the production 
of necrotizing arterial and arteriolar lesions 
by Byrom and Dodson’ as the result of mere 
elevation of the blood pressure, Dr. Schaffen- 
burg and I?° were unable to confirm this find- 
ing. We injected Ringer’s solution forcibly 
into the left main carotid artery of 30 rats 
15 times in rapid succession and, although 
we used a larger gage needle and were able 
to induce repeated sudden elevations of blood 
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pressure at least twice as great as those pro- 
duced by Byrom and Dodson, not a single rat 
showed the slightest sign of any kind of vas- 
cular lesion in the kidney or in any other part 
of the body. Dr. Byrom was kind enough to 
send me some of his sections, and all I can say 
is that to me the lesion is typical periarteritis 
nodosa, and relatively slight at that, certainly 
not the necrotizing arteriolar lesion typical of 
the malignant phase. It so happens that in 
our rats, which were not naturally susceptible 
to periarteritis, we weren’t even bothered by 
the occurrence of that lesion, so that we can 
say nothing happened to the vascular system 
of the rat as a result of sudden repeated me- 
chanical elevations of the blood pressure. 

Dr. Hoosier: Dr. Robert, if I am correct, 
you are the one who did that very interesting 
work in which, by ligating the carotid artery, 
cerebrovascular disease in the hypertensive 
rat was prevented.*!. Dr. Goldblatt, perhaps 
the second part of his question needs further 
comment; that is, why the vascular lesion 
does not occur in the clamped kidney. 

Dr. GoLpsiuaTr: For the dog, We have 
found that there are two necessary conditions 
for the development of the necrotizing arteri- 
olar lesion: (1) elevated blood pressure in 
the arterial vessels of the organ in which the 
lesion appears, and (2) impairment of renal 
excretory function, with the accumulation or 
formation of some chemical substance in the 
blood, other than the nonprotein nitroge- 
nous products. These two factors together in- 
duce the development of the morphologic 
lesion of the blood vessels. 


SUMMARY 


The continuous secretion of renin by the 
chronically ischemic kidney was held to be 
unlikely in view of the experiments quoted 
by Dr. Kolff in which a rapid in situ transfer 
of an ischemic kidney to a normal dog did not 
‘aise the recipient’s blood pressure. Measur- 
able renin release was viewed rather as an 
acute intermittent response to a temporary 
reduction of renal circulation. Evidence 
from the classic experiment of Fasciolo, in 
which the transplanted chronic ischemic kid- 


ney caused hypertension in the recipient, was 
interpreted as showing the result of acute 
reduction in blood flow in the transplanted 
organ, rather than the chronic overproduc- 
tion of renin. The depressor effect of antiren- 
in injections in chronic renal hypertension 
might result from inhibition of the effect of 
renin on the hypothetical blood pressure reg- 
ulating function of the normal kidney (Drs. 
Blaquier, Braun-Menéndez, Kolff). 

The magnitude of pressor response to in- 
jected renin and angiotonin was discussed by 
Drs. Langford, Wakerlin and Helmer. 

The pulmonary hypertension produced by 
renin and angiotonin and the lack of an eleva- 
tion in pulmonary blood pressure in experi- 
mental renal hypertensin was discussed by 
Drs. Langford, Wakerlin, Sancetta, Braun- 
Menéndez and Stamler. 

Experiments disproving the importance of 
pulsatile flow as a stimulus to renin release 
were quoted by Dr. Kolff. An increase in the 
amount of the enzyme converting hyperten- 
sin I to its aetive form was considered as a 
possible mechanism for the production of 
hypertension. by Drs. Leonard, Skeggs and 
Helmer. 

The relative importance of pressure per se 
and of renal insufficiency -in the production 
of the necrotizing vascular lesion of malig- 
nant hypertension was discussed by Drs. 
Robert and Goldblatt. 
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Conference on the Role of the Renal Pressor System 
in Maintenance of Experimental Renal Hypertension 


Led by Harry Goupsiatrr, M.D. 


R. GOLDBLATT: I have the questions 

here in front of me and I shall read the 
first one, which I see is a loaded one, a preju- 
diced one, and certainly not formulated by 
me. It reads as follows: ‘‘Is a circulating hor- 
mone of renal origin clearly excluded [you 
see how loaded that is] as the cause of the 
chronic stage of renal hypertension? If yes, 
then what is the evidence, and if no, then 
what are the further studies to be done or 
repeated to settle this question?’’ Of course, 
my answer is simply that there probably is 
a circulating humoral substance involved in 
the chronic stage of hypertension, but per- 
haps Dr. Braun-Menéndez would like to an- 
swer this one. 

Dr. Braun-MENENDEz: I think that there 
is definite proof of the existence of some kind 
of humoral pressor substance in experimental 
hypertension. We have heard Dr. Skeggs to- 
day, who found inereased concentrations of 
hypertensin in the blood in eases of experi- 
mental renal hypertension and of human 
hypertension, especially in the malignant 
form. With regard to the presence of renin, 
we can’t be so sure, but experiments done by 
Gollan, Richardson, and Goldblatt! show that 
renin is present in the blood of dogs with 
chronic experimental renal hypertension. 
The question of the presence of renin in the 
blood in hypertension cannot be considered 
independently of the methods used for its de- 
tection. It may be present in very small 
amounts, our present methods being unable 
to determine precisely its concentration. For 
instanee, there were no doubts about the pres- 
ence of insulin in the blood, but only recently 
has it been detected. The same may be said 
about the presence of adrenalin. The meth- 
ods we have used for detection of renin al- 
lowed us to detect the presence of renin in 
renal experimental hypertension of short du- 


ration and not in chronic long standing hyper- 
tension. The method used by Fasciolo and 
Taquini* is probably more sensitive than ours, 
but I think not specific and quantitative 
enough. These authors were unable to find 
any difference in renin concentration in the 
blood of dogs with chronic experimental hy- 
pertension or in human hypertension as com- 
pared to normal. Using this method we were 
also unable to demonstrate an increase of ren- 
in in the blood of hypertensive rats,? but 
again this doesn’t mean that such inerease 
doesn’t exist. 

Dr. Skeces: I only have one comment 
which may be a little bit elementary, but I 
think it is well to bear in mind that the 
amount of metabolite found in the blood is a 
reflection of (a) the amount that is being 
produced and (b) the rate of utilization. It 
is possible that very small amounts are lib- 
erated and the transfers are very rapid so 
that its utilization is extremely rapid and 
little accumulates in the blood. 

Dr. WakERLIN: I would only like to com- 
ment that Blackett and Pickering* reported 
they could get an increase of blood pressure 
in rabbits by the intravenous infusion of 
homologous rabbit renin at such a rate that 
the inerease in renin concentration in the 
plasma could not be detected even by the most 
delicate methods of assay. So, if there is no 
detectable difference with the present meth- 
ods of assay, this does not prove that there 
may not be a small difference. I think that 
positive results are more important than nega- 
tive results here as in other areas. The fact 
that it is possible even in dogs with 10 to 11 
vears of experimental renal hypertension to 
obtain an antihypertensive effect from anti- 
renin produced by either active or passive im- 
munization, must be explained by anyone 
who feels there is not a renin pathogenesis of 
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experimental renal hypertension. As I sug- 
gested, the renoprival people and supporters 
of renin might come together on the possibil- 
ity that renin might have an intrarenal effect 
ot decreasing the blood pressure regulating 
or depressing effect which the kidney appears 
to have. 

Dr. GotpBLatTr: Dr. Grollman, would you 
agree that there is such a hormone? 

Dr. GROLLMAN: Very definitely so! How- 
ever, I cannot subscribe to the hypothesis just 
outlined, since it is not in accord with the ob- 
served facts, particularly as regards the la- 
tent period for the development of hyper- 
tension and the prompt response to renin. 

Dr. Wakeruin: I have an answer, Dr. 
Goldblatt, in that acute experimental renal 
hypertension may be almost exclusively on the 
basis of increased secretion of renin and when 
you get into the chronic phase, which begins 
at the end of the third month, then this de- 
pressing effect may set in on a gradual basis. 
Of course, there is no proof of this, but I don’t 
think that the theoretical argument that you 
raised is more valid than the theoretical an- 
swer that I have given. 

Dr. GotpBsLatt: When you used the word 
depressant, Dr..Wakerlin, in what sensé were 
you using it and what is this agent you are 
talking about? Is it an activity or a definite 
substance circulating in the blood, or is it 
present in the kidney? I would like to have 
Dr. Grollman also comment on that. 

Dr. WaKERLIN: It may be a substance 
which can be washed out of the kidney by the 
kind of experiment that Dr. Kolff® carried 
out, for instance. 

Dr. GoLtpBLATT: Do you agree to that, Dr. 
Grollman ? 

Dr. GROLLMAN: I consider the pressor re- 
sponse to be a consequence of the failure of 
the kidney to produce an essential agent in 
the absence of which hypertension ensues. 

Dr. GoLpBLATT: Do you think it all hap- 
pens in the kidneys? 

Dr. GroLtLMAN: No. I think it affects many 
tissues throughout the body. It is a systemic 
response. 

Dr. GotpsLatr: What about the depressor 
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effect presumably brought about in the kid- 
ney? 

Dr. GroLuMAN: I think it is produced by 
the kidney, but I would not designate it as 
a ‘‘depressor’’ because it does not lower the 
blood pressure in the normal organism. It 
is ‘‘essential’’ in the same sense that one could 
consider insulin as essential to prevent the 
appearance of acetone in the breath. Insulin 
doesn’t destroy acetone but in its absence ace- 
tone appears in the body. 

Dr. GotpsLatr: The use of that word 
‘‘depressor’’ in this connection certainly 
should be clarified. 

Dr. BrRAuUN-MENENDEZ: I agree with the 
wording of Dr. Grollman, something in the 
absence of which hypertension results, but 
that doesn’t mean, of course, that it should 
be a specific depressor substance. 

Dr. GROLLMAN: Since it does not lower the 
blood pressure in a normal animal it is ob- 
viously not ‘‘depressor.’’ 

Dr. BrkauN-MENENDEz: It may not be a 
substance at all, it may be some action of 
the kidney. 

Dr. GRoLLMAN: Yes, that is certainly pos- 
sible. 

Dr. GoLpBLATT: We welcome any questions 
from the group. Dr. Blaquier, do you have 
a comment to make on that? 

Dr. BLaguier: I would like to add that 
the difficulties of testing the amount of renin 
arise not only because of its small concentra- 
tion, but also because of its quick action in 
transforming hypertensinogen into hyperten- 
sin. The hypertensinase present in the blood 
inactivates the hypertensin being formed. 
There are sensitive methods? which can pick 
up the normal amount of renin present in the 
plasma of normal subjects. The main prob- 
lem, I believe, does not arise because of the 
insensitivity of our methods, but because of 
the speed with which this substance is metab- 
olized. 

Dr. Bumpus: I would like to add one 
thing. A test for a substance such as angiot- 
onin is not specific and one ‘cannot say with- 
out a doubt that it is formed until we get an 
antiangiotonin. However, with renin this is 














not true, for with antirenin you can without 
a doubt show its presence. 

Dr. WaAKERLIN: I would like to add some- 
thing to that, Mr. Chairman. About 12 years 
ago we attempted to produce an antiangiot- 
onin or antihypertensin. The materials we 
had at that time, of course, were relatively 
crude and the amounts were not large. We 
did not succeed in producing an antihyperten- 
sin or antiangiotonin, but I think now that 
with the better methods, with the purified ma- 
terials which I would hope could be obtained 
in quantities, it ought to be tried again. I 
might say that some 17 or 18 years ago our 
research group did produce an antivasopres- 
sin with the kind of vasopressin that was 
available at that time. This was the Parke- 
Davis material, Pitressin. It would seem to 
me that it might be well if this work were re- 
peated with synthetic hypertensin now avail- 
able. I would certainly think it possible, al- 
though the hypertensin molecule I think is 
smaller. Vasopressin has how many amino 
acids in it? 

Dr. Bumpus: Nine. 

Dr. WAKERLIN: Well, if you can get it with 
vasopressin having 9 amino acids, I think that 
it would be possible to get it with hypertensin 
II which has 8. We thought years ago that 
the reason we couldn’t get an antihypertensin 
and we did get an antivasopressin was that 
the vasopressin molecule was larger. 

Dr. GoutpsLatTt: In our laboratory Dr. 8S. 
Deodhar, Dr. Erwin Haas and I have been 
working on this subject and recently Dr. 
Deodhar, by employing a hypertensin-albumin 
complex as the antigen, has succeeded in ob- 
taining some evidence for the successful for- 
mation of antihypertensin (not hyperten- 
sinase) in the serum of an immunized rabbit. 
This work is still in the preliminary, unpub- 
lished stage. 

Dr. SurtsHIn: I would like to ask Dr. 
Goldblatt to comment on his interpretation 
of the experiments of LeFebvre referred to in 
this morning’s discussion period by Dr. Kolff 
in which kidneys from normal or renal hyper- 
tensive dogs were grafted into normal canine 
recipients. 
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Dr. GotpBLatTT: I prefer not to answer 
that question, because I have an innate, rather 
intense aversion for that kind of experiment, 
especially when it is used to answer a ques- 
tion about a chronic condition. I believe I 
should ask Dr. Kolff to clarify, or have some- 
one else answer. I just cannot get myself to 
apply the results of acute experiments like 
that to the problem of the chronic phase of hy- 
pertension. Years ago, before we produced ex- 
perimental renal hypertension, two other ex- 
perimenters constricted the renal arteries of 
some animals, cats I believe, and watched a 
kymographie tracing for the immediate effect 
on the blood pressure. They were pharma- 
ecologists, accustomed to plan acute experi- 
ments lasting only a few hours. Nothing 
happened, so they concluded that there was 
no effect on the blood pressure as a result of 
Had we been 
familiar with the results of these two experi- 


clamping the renal arteries. 


ments, before we began our study, we might 
not have had the courage to do what we did. 
Fortunately, we did not know it and, being 
pathologists, accustomed to wait a long time 
for our quarry, we designed a long lasting 
experiment for the investigation of a chronic 
condition such as essential human hyperten- 
sion. : 

Dr. SurtsHIN: I still think that the Bel- 
gian experiment requires careful considera- 
tion. 

Dr. GoLpBLaTtt: Would someone like to 
come forward and try to answer? 

Dr. GroLLMAN: I would say it is true that 
the kidneys were obviously not producing a 
pressor substance, and I think in that case the 
experiments are very valid. The only objec- 
tion to it could be that the preparation per se 
is so poor that it might prevent that rise. This 
would be the type of objection that I think 
Dr. Goldblatt is referring to. 

Dr. GotpBLATT: There are times when cer- 
tain experimental conditions imposed on an 
animal will result in complete suppression of 
the output of urine. Would you conclude 
from this that the kidney is not an excretory 
organ? That is the sort of reasoning of which 
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some investigators engaged in acute experi- 
ments have been guilty. 

Dr. WakERLIN: I think too that the blood 
pressure regulation that Dr. Grollman talks 
about as coming from the kidney is in no way 
in eontradiction with the strong possibility 
that the kidney also has, even at the same time, 
under certain circumstances, a positive pres- 
sor effect. I do not see any inconsistency in 
these two views. If we adopt one we do not 
necessarily have to reject the other. 

Dr. Haas: This is in answer to the point 
raised by Dr. Surtshin. Variable amounts of 
renin can be released, apparently, from the 
grafted kidney, in the experiments carried out 
by Dr. Kolff and others, depending on the 
state of the grafted kidney. For example, the 
amount of renin which can be isolated from 
rabbit kidneys, in vitro, can vary almost 
twentyfold, depending on their history. From 
fresh kidney, about 0.5 unit of renin can be 
extracted per gram of tissue, while previous 
autolysis at body temperature, or repeated 
freezing and thawing can increase this value 
up to 12 units per Gm.® This large amount 
of renin could be the cause of a considerable 
pressor activity, considering that 1 unit of 
renin induces a blood pressure elevation of 
30 mm. He. 

Dr. HetMeER: We have a lot of evidence 
for a pressor agent in chronie hypertensive 
rats. Renal vein blood from hypertensive rats 
caused a sustained rise in pressure when in- 
jected intravenously into pithed cats that had 
been nephrectomized 18 to 24 hours previous- 
ly... The renal vein blood from normotensive 
rats did not have this factor. This material 
could not be demonstrated in the peripheral 
blood of hypertensive rats. One objection 
could be made to these experiments. The 
2 to 3 ml. of blood that had to be drawn might 
cause a release of renin. If such is the case, 
then renin is released from the hypertensive 
kidney more easily than from the normoten- 
sive one. 

Dr. TostaN: What sort of hypertension 
did the rats have? 

Dr. HetmMer: They were Goldblatt-hyper- 
tensive rats. 
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Dr. Go_pBLatr: The second question over- 
laps the first. I shall read it to you so that 
you can think about it. It says, ‘‘ What is the 
precise nature of the stimulus which liberates, 
acutely or chronically, a renal pressor sub- 
stance when renal hypertension is initiated or 
maintained?’’ It is almost a reversal of the 
first question, an admission that there may 
be some such thing as a pressor substanee, and 
the question is, what is the stimulus? In 
other words, this is where the experiment 
cited by Dr. Kolff comes in again. 
like to hear from Dr. Kolff on that. 

Dr. Kouirr: I believe the change from pul- 
satile to nonpulsatile perfusion of the kid- 
neys under the most favorable conditions in 
an animal that is proved to be susceptible to 
renin production does not show any demon- 


I would 


strable difference. However, in such an ani- 
mal there is a demonstrable output of renin 
if you reduce the total perfusion pressure or 
the total perfusion flow. On the other hand, 
Hawthorne’ performs more chronic experi- 
ments, producing nonpulsatile perfusion of 
the kidney by putting the clamp on the aorta 
above the kidney. Hypertension develops in 
these dogs. If he then takes these dogs, after 
a certain time, and makes an arteriovenous 
anastomosis between the femoral arteries and 
the femoral vein, then the hypertension that 
had previously developed disappears again 
when a pulsatile flow is restored to the kid- 
neys of that animal. The only way I ean ree- 
oneile these experiments is the way that has 
been suggested by Dr. Wakerlin just now, 
which is that the acute outpouring of renin 
is something entirely different from the con- 
stant outpouring of a very small amount of 
renin. I believe that this small amount of 
renin is probably being poured out by a non- 
pulsatile perfusion of the kidney not sufficient 
to cause a pressor response in itself, but suf- 
ficient to destroy the blood pressure reducing 
function of the kidney of which Dr. Grollman 
is the champion. 

Dr. WakeruIN: I think we can certainly 
say that renal ischemia has been proved by a 
number of investigative groups not to be 
necessary for the hypertensive effect of the 
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idney following bilateral renal artery con- 

riction. I think it has been proved, within 
ie limits of at least a 5 per cent reduction, 

iat reduced renal blood flow is not primary 
or the release of the renal pressor substance, 

r whatever the mechanism is for the produc- 
ion of experimental renal hypertension. Yet 

ae still sees in the literature ‘‘renal ischemic 

ypertension. ’’ 

Dr. GoLpBLatT: Well, I think that once 

ou grant that there is such a thing as ischem- 

1 you have to grant that there are various 
rrades of it so that even the slightest redue- 
ion in the renal blood flow can still be con- 
‘idered ischemia. Call it by another name, 
f you like, so long as you define it and say 
hat there is a reduction in blood supply to 
he funetioning components of the kidney. 
Or. Homer Smith, who is not a champion of 
‘he primary renal origin of hypertension, 
nonetheless has made the unequivocal state- 
ment to me that, so far as he and his group 
are concerned, they have found something 
wrong with the function of the kidney even in 
the early stage of essential hypertension. How 
early this means I cannot tell you at this mo- 
ment, but the following is an extract quoted 
from his communication to me: ‘‘In early hy- 
pertensive disease Tmp appears to be signifi- 
cantly depressed, indicating impairment of 
tubular function. The renal plasma flow is de- 
creased, increasing the filtration fraction. 
But the filtration rate may remain within the 
normal range until Tm) is substantially re- 
duced. With a normal filtration rate there 
would, of course, be no nitrogen retention. If 
there is ‘renal impairment’ beyond the de- 
crease in Tmp and the increase in filtration 
fraction in early hypertension, we cannot as 
vet define it.’’ 

Dr. WaAKERLIN: As Dr. Kolff said, the con- 
clusion of Dr. Hawthorne and his group is 
that the initiating stimulus is a reduction in 
the arterial volume pulse of the kidney, not 
iny change in the pulse pressure, but in the 
volume pulse or palpable pulse in the kidney. 

Dr. GoupBLatT: I wish Dr. Page were here 
to comment on this matter. 

Dr. WakerRuIN: I don’t think it could 


possibly be due to the pulse pressure because 
of the experiment Dr. Page himself did, in 
which he placed a silk bag around the kidney 
and obtained hypertension. The effect in this 
procedure would be to increase the pulse 
pressure. 

Dr. SurtsHIN: Did Dr. Smith imply that 
an early depression of the tubular maximum 
for Diodrast was followed by restoration of 
Tm,» to normal in the presence of maintained 
hypertension ? 

Dr. GotpBLatTtT: I regret that I am not in 
a position to quote Dr. Homer Smith about 
the later stage of established hypertension 
and, as I said, I am not exactly sure what he 
means by early hypertensive disease, but my 
own interpretation of the statement I have 
quoted is that Tmp would remain depressed, 
as in the early stage of hypertension, and 
gradually become more impaired. 

Dr. Ropsarp: In some earlier work in 
which we applied an acute intracranial com- 
pression, an acute hypertension resulted,® 
initiated by the stimulation of an intracranial 
blood pressure receptor. The mechanism ap- 
pears to operate by means of changes in the 
intramural pressure, i.e., the effective intra- 
arterial pressure. At the moment of com- 
pression, the intra-arterial pressure remained 
unchanged; however, presumptive receptors 
inside the blood vessel wall would respond as 
if the blood pressure had fallen. The hyper- 
tensive response is then initiated to counter- 
balance the apparent, but unreal, intra-ar- 
terial pressure fall. 

We may implicate a similar mechanism in 
the kidney. Let us assume that in the renal 
arterial system there are similar receptors. 
When the renal arteries are sufficiently dis- 
tended, receptors would be in an inactive 
state. However, when the pressure inside the 
renal arteries falls, as it does with the appli- 
cation of a Goldblatt clamp, by an increase 
in intrarenal tissue pressure as in hydrone- 
phrosis, by extrarenal support as by the Page 
perinephritis technic, or in the raised intra- 
renal pressure of polyeystic kidneys—in all 
of these the relative intrarenal tissue pres- 
sure increases. A reduced tension in the renal 
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receptors of the renal arteriole walls would 
result, just as if the blood pressure had fallen. 
Under these circumstances the elaboration of 
pressor material from the intrarenal arterioles 
would be initiated to increase the renal per- 
fusion. This mechanism would act effectively 
to return the intrarenal arteries to their 
proper state of distention. Such a mechanism 
would fit with some of the discussion by Dr. 
Kolff this morning. Dr. Howard G. Swann!? 
of Galveston has compressed kidneys and 
shown that after an hour or so, pressor ma- 
terial begins to enter the circulation. 

Such a baroceptor concept may help clarify 
some of the thinking on the problem. If this 
mechanistic approach is further supported, it 
would no longer be necessary to focus atten- 
tion on the excretory function of the kidney. 
Instead, we could look more effectively for a 
relatively simple pressure-sensitive mecha- 
nism which would respond to the tension in 
the wall of the renal arterioles. 

Dr. FinpLtey: What happened to the word 
tachyphylaxis? Has that ceased to be a 
problem ? 

Dr. GotpsBLatt: I wish I could show you 
illustrations of an experiment which Dr. Haas 
and I did a number of years ago. If you read 
about tachyphylaxis I think you will find that 
renin tachyphylaxis, or the failure of the 
pressor mechanism to respond to repeated in- 
jections of the same dose of the same sub- 
stance (renin), results only when every in- 
jection after the first is given before the blood 
pressure has returned to the original level. 
When we made repeated injections of 2 units 
of renin in the unanesthetized dog and waited 
1 hour between successive injections, the 
blood pressure went up exactly the same 
amount after every injection. Our experi- 
ment lasted about 8 hours, I believe."! 

Under those conditions, at least, there is no 
tachyphylaxis, but when you do not wait long 
enough between injections there appears to 
be what is called tachyphylaxis. We presume 


that in these circumstances the vessels are 


still in a state of constriction as a response to 


the previous dose and the response is less. If 


that is tachyphylaxis, then there is such 
process. 

Dr. Hetmer: Dr. Goldblatt, we did eve 
better than you. We got a resident to sta 
up all night to do the same experiment tha 
you did. He injected a cat every hour an 
didn’t get any tachyphylaxis at all. 

Dr. WAKERLIN: One of my graduate stu 
dents (Mr. Leonard Graham) solved thi 
problem so that he got his sleep and also hi 
injections of renin in sufficient quantity in ; 
given period of time. He did it by injectin: 
antirenin intravenously into each nephrec 
tomized assay dog after the peak of the bloox 
pressure increase from renin. With amount: 
of antirenin, sufficient to neutralize the reni: 
injected, he has been able to delay the onset 
of tachyphylaxis and to carry out large num 
bers of renin determinations in a single dog.!* 

Dr. GotpsLatT: The question then is, what 
is tachyphylaxis? 

Dr. McCussin: We do find tachyphylaxis 
with the renin preparations that we use. One 
thing that might account for some of the con- 
fusion is that these quite crude preparations 
may well contain some of the depressor ex- 
tract that Dr. Grollman is so interested in; it 
might block the response to renin and angio- 
tonin. With these preparations response to 
both renin and angiotonin disappeared after 
tachyphylaxis, while response to noradrena- 
lin and other drugs was unaffected. I would 
also like to suggest that with the pure prep- 
aration we might get an entirely different 
effect. 

Dr. GotpBLaTT: Did you wait until the 
blood pressure had returned to normal each 
time? 

Dr. McCussin: § Yes. 

Dr. Schwarz: The rise Dr. Goldblatt gets 
with a certain dose of renin depends on the 
blood pressure of that dog or the state of con- 
striction of the vessels, is that correct? If 
you do not wait long enough the rise will be 
smaller with the same dose. We do not ob- 
serve that with angiotonin and we all assume 
the action of renin is due to the formation of 
angiotonin. How do you explain this? 

Dr. GotpsLatt: Well, of course, in the 
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« se of the renin there is a time factor in- 
vy lved. As you know, renin continues to cir- 
« Jate and to act for a considerable length of 
t ne, by producing angiotonin; while angio- 
t nin gives almost an immediate response and 
{.e return to the original level is prompt. I 
{ink the differences may lie there, if that is 

hat you are after. I am not too clear about 
tie significance of your question. 

Dr. Schwarz: I am saying that the same 
nount of angiotonin is formed from the 
ime dose of renin regardless of blood pres- 
ire and that the response to an injected dose 
f angiotonin can be superimposed onto in- 
used angiotonin without being reduced. 

Dr. GotpBLatTr: You are relating angio- 
min to renin tachyphylaxis. I am not aware 
hat there is such a thing as angiotonin tachy- 
shylaxis. 

Dr. BRAUN-MENENDEZz: I think the phenom- 
non of tachyphylaxis occurs when the sub- 

stance is still in cireulation and acting. If 
the substance rapidly disappears, as in the 
vase of hypertensin or angiotonin, then you 
do not have tachyphylaxis. If you inject an- 
giotonin at the height of the blood pressure re- 
sponse then you don’t get a similar rise be- 
cause the receptors are already occupied by 
the substance, but if you allow the blood pres- 
sure to come down and the substance to disap- 
pear from the blood and the receptors, you get 
exactly the same response. One unit of renin 
takes about 14 hour at least to disappear from 
the blood; if you give 2 units it would take 
longer. If you wait long enough before you 
inject renin again the animal is in the same 
condition as he was before; no renin circu- 
lating in the blood, no hypertensin being 
formed, no vasoconstriction, and you don’t 
get tachyphylaxis. 

Dr. Bumpus: I would like to add one thing 
to this. When crude angiotonin is infused 
over a long period of time the response goes 
down. However, pure angiotonin can be in- 
fused all day in an animal and the response 
will not go down. This could possibly indi- 
cate that what you are doing with renin, when 
allowing the pressure to return to normal each 
time before the repeating injection, is to allow 


the animal to rid itself of all metabolites of 
angiotonin. It may be these metabolites that 
are causing the decrease in the response each 
time. By allowing the body to rid itself each 
time of possible metabolites after injection of 
renin the receptors could not be tied up. This 
may be an explanation for the two existing 
opinions on renin tachyphylaxis. 

Dr. GoutpsLatr: The panel agrees that we 
ought to go on to question no. 3, which is an 
important one. ‘‘How long after unilateral 
renal ischemia in man or animal can removal 


of the offending kidney result in unequivocal 
and permanent cure of the hypertension ?”’ 
Would someone like to take that from here? 

Dr. WAKERLIN: I think you ought to an- 
swer it, Mr. Chairman ; you answered it partly 


in your paper this morning. 

Dr. GotpBLatTT: Well, Dr. Wakerlin, just 
a few months back I would not have had as 
much to say as I have today. Of course, I 
can tell many stories about the disappearance 
of hypertension as a result of the removal of 
a diseased kidney, when the other kidney was 
normal. I have in mind a little girl, 121% 
years old, with a blood pressure of 260/160, 
which was called juvenile essential hyperten- 
sion. She had one small kidney almost fune- 
tionless and a contralateral kidney with ex- 
eretory function within normal limits. The 
small kidney was removed and it was the 
seat of pyelonephritis and vascular disease. 
I saw her 114 years later and her blood 
pressure was 110/65. This was 18 years 
ago. She married, has had 3. children, 
and 3 husbands, a pretty normal young 
woman, as you see. Now, as a result of the 
publications of Dr. Homer Smith of New York 
University,’ and of Dr. Thompson of the 
Mayo Clinic,'* we know about several hun- 
dred authenticated cases of patients with clin- 
ical essential hypertension, but with unilateral 
renal disease (usually pyelonephritis or vas- 
cular disease) whose blood pressure has re- 
mained normal from at least 1 to 18 years 
after the removal of the diseased kidney. I 
do not see how we can get away from the fact 
that something coming from the diseased kid- 
ney, which brings about the elevated blood 
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pressure, has been removed by the nephrec- 
tomy. I would like very much to have Dr. 
Grollman speak to this point again, because 
to me these results are absolutely inconsistent 
with the renoprival theory. Renoprival 
means reduction in the amount of function- 
ing kidney substance available for Dr. Groll- 
man’s so-called ‘‘ineretory’’ activity. Ae- 
cording to the renoprival theory, the blood 
pressure logically should go higher as a re- 
sult of the removal of the kidney. Now you 
follow through on that, Dr. Grollman, and 
tell us whether you concede that some pressor 
substance must be coming from such a dis- 
eased kidney. 

Dr. GRoLLMAN: I understand that. The 
question is how often does it occur? I grant 
that there are exceptional instances in which 
removal of a kidney may result in the decline 
of a previously elevated blood pressure. This 
is observed clinically in the human as well as 
experimentally. An example of this phenom- 
enon is illustrated by the results of ligating 
one ureter (as occurs in gynecologic practice) 
and has been reproduced in the dog.'!° How- 
ever, over 99 per cent of the patients that we 
encounter, I believe, are not suffering from 
this condition. 

Dr. GoLpBLaATT: But, Dr. Grollman, the 
patients who have had a kidney removed for 
the possible cure of the hypertension have not 
had a ureter tied off. They have had kidneys 
that were the seat of vascular disease on the 
basis of pyelonephritis and the endarterial 
fibroelastosis which occurs in this condition, 
renal arteriosclerosis or partial occlusion by 
thrombus or embolus of a main renal artery, 
some congenital anomaly of the renal artery, 
or even a combination of some of these condi- 
tions, all probably resulting in a similarly dis- 
turbed intrarenal hemodynamic state, in every 
way like the kidneys which we see in bilateral 
arterial and arteriolar sclerosis of the kidneys. 
If you coneede that a pressor mechanism is 
the explanation for the hypertension when 
one kidney is so diseased, why not concede 
that the same mechanism is involved when 
the renal disease is bilateral, as it is in most 
cases of essential hypertension ? 
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Dr. GROLLMAN: In my own experience | 
would say that it is a relatively infrequent 
occurrence. I have been interested in and have 
followed some of these patients, including the 
one from Dallas that you mentioned. The 
condition should be considered particularly 
in thrombosis or infarction of the kidney, the 
ones that have shown the most favorable re- 
sponse. If followed for any length of time, 
many of the other patients subjected to ne- 
phrectomy have manifested a return of their 
blood pressure to its formerly high levels, or 
have suffered an exacerbation of their dis- 
ease with death following unilateral nephree- 
tomy. These failures obviously are not re- 
ported in the literature which gives the 
reader a false notion of the true state of 
affairs. 

Dr. GotpsLatr: Dr. Homer Smith' has 
gone into this matter with great care, reserve 
and restraint, yet he has come to the unequiv- 
ocal conclusion that there has been a cure of 
the hypertension in 149 of 575 patients whose 
cases have been reported in the literature, 
that is 26 per cent, and Dr. Thompson of the 
Mayo Clinic,'* in a large group of cases with 
unilateral atrophic kidneys, found that 50 per 
cent had been cured. I agree with you that 
the condition of unilateral renal disease is a 
comparatively infrequent phenomenon in 
human beings with essential hypertension, but 
that does not matter. Granted that you may 
find unilateral renal disease of one type or 
another in only one in every 500 patients with 
so-called essential hypertension, we are in- 
terested in the basic phenomenon involved in 
the development of the hypertension and the 
basic phenomenon, I believe, is the disturb- 
ance of the intrarenal hemodynamics, which is 
probably similar to that produced by con- 
striction of the main renal artery in an 
animal. 

Dr. StaMLER: Two questions, Dr. Gold- 
blatt: First, what is the interpretation of 
those cases of essential hypertension in which 
demonstrable obliterative vascular disease has 
presumably not been noted, e.g., in the biopsy 
studies by Smithwick and Castleman!® and in 


the autopsy studies by E. T. Bell?!’ Second, 
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t shift from the problems of pathogenesis of 
tle pressor response, which has been the fo- 
es thus far today, to problems of etiology of 
tle presumed underlying pathologie process, 
\ hat is responsible for the obliterative arteri- 
o ar vascular disease ? 

Dr. GOLpDBLATT: Because I have to close 
t is diseussion in a few minutes, and because 
| am in a position to answer your questions, 
I am going to take the prerogative of the 
( hairman to try it. So far as Castleman and 
Smithwick are concerned, you must realize 
that a minute piece of tissue from the cortex 
ulone cannot possibly give a reliable estimate 
«f the hemodynamic state of the entire kidney. 
It tells you absolutely nothing, in other words, 
ubout the larger blood vessels in the kidney, 
or outside of it, and, insofar as pyelonephritis 
is concerned, it is the larger intrarenal ves- 
sels which most frequently show the oblitera- 
tive fibroelastosis, not the small ones, which 
occur in the periphery of the cortex. To me 
it was therefore gratifying that Castleman 
and Smithwick found as much vascular dis- 
ease as they reported. Bell, of course, found 
it in 100 per cent of the cases, but at autopsy, 
and he regards the vascular disease as sec- 
ondary to the hypertension. There are many 
things involved in the consideration of this 
topie which cannot be covered at this time. 
The other part of your question referred to 
the etiology of the vascular disease. Well, 
those of you who have read my reviews on the 
subject of hypertension know that I, too, con- 
sider the etiology and pathogenesis of the vas- 
cular disease of prime importance. That is 
still problem number one, to which I cannot 
give the answer at present. 


SuMMARY 

The hypothetical presence of increased 
cireulating renin or hypertensin in chronic 
renal hypertension was debated; eventually 
it was agreed that methods were too insensi- 
tive for accurate assay. Pressor amounts of 
infused renin could not be detected by some 
methods of bioassay (Dr. Wakerlin). Hyper- 
tensinase activity in blood may destroy the 


end product before the assay can be per- 


formed (Dr. Blaquier). Perhaps rapid tissue 
removal from circulating blood may account 
for the inadequacy of the results (Dr. 
Skeggs). Previous experiments to detect 
these substances in circulating hypertensive 
blood have been indecisive (Dr. Braun-Men- 
éndez) or only weakly positive (Drs. Gold- 
blatt and Skeggs) and the clear-cut depressor 
effects of antirenin might act on a hypotheti- 
cal nonpressor action of renin (Dr. Wakerlin). 
Dr. Helmer commented on the sustained pres- 
sor substance found in renal vein blood of 
hypertensive rats. Dr. Grollman_ believed 
chronie renal hypertension to be due to inter- 
ference with an essential function of the kid- 
ney which in the normal animal prevents the 
blood pressure from rising. The failure of 
the blood pressure to rise when the kidneys 
from renal hypertensive dogs were perfused 
in situ by normotensive recipients was again 
discussed by Drs. Surtshin, Goldblatt and 
Grollman, and the possible fallacies involved 
in reasoning from such acute experiments 
were brought out. 

The nature of the stimulus to renin release 
was discussed again by Dr. Kolff. Non pulsa- 
tile flow was probably not a requirement (Dr. 
Kolff), nor was renal ischemia (Dr. Waker- 
lin), but some alteration in renal function 
seemed to be necessary (Dr. Goldblatt). Dr. 
Wakerlin and Dr. Rodbard advocated, re- 
spectively, the view that the primary stimulus 
might be the volume pulse or the transmural 
pressure in the renal arterial bed. 

An objection to renin as the cause of chron- 
ic hypertension based on tachyphylaxis ex- 
periments was raised by Dr. Findley. Dr. 
Goldblatt denied the presence of true tachy- 
phylaxis and was supported by Drs. Helmer 
and Wakerlin. Dr. MeCubbin suggested it 
might oceur only with eruder preparations of 
renin, and Dr. Braun-Menéndez theorized that 
receptor sites might be occupied for a time 
after restoration of normal blood pressure, 
thus giving rise to a transient tachyphylaxis. 
Dr. Bumpus supported this explanation by 
reporting that a pressor response to crude an- 
giotonin can sometimes not be maintained, 





692 


while the response to pure angiotonin is 
persistent. 

Considerable discussion ensued between 
Drs. Goldblatt and Grollman concerning the 


mechanism of blood pressure reduction by re- 


moval of a single ischemic kidney. The hu- 
man renal biopsy and autopsy studies sug- 
vesting the primacy of renal arteriolosclero- 
sis in human hypertension were reviewed by 
Dr. Goldblatt. 
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Introductory Remarks Concerning the Urologic 
Aspects of Hypertension 


By R. M. Nessit, M.D. 


Urologie experience with uninephrectomy for, renal hypertension is reviewed and a case with a 
prolonged postoperative period of normotension is presented. In certain instances aortograms 
are necessary to identify vascular lesions in the kidney causing hypertension, but renograms 
using radioactive I" may be of value as a screening procedure. An unusual case is described 
in which contrast material injected into the bladder could be seen to enter the renal pelves. 
The child went for prolonged periods without voiding and had demonstrable pyelonephritis. 
When antibiotics and a program of frequent voiding were commenced the blood pressure fell 
toward normal and has remained at only minimally elevated levels for the subsequent 2 years. 


N 1937, Longcope' and Butler? discussed 

separately the relationship of chronic 
)yelonephritis to hypertension. In 1938, 
wadbetter and Burklund* reported the first 
clinical cure of hypertension following ne- 
»hreetomy in a child who was operated upon 
in Johns Hopkins Hospital for an undiag- 
nosed renal lesion which proved to be a vas- 
cular anomaly of the renal artery. In 1938, 
boyd and Lewis,* and Barker and Walters,°® 
reported relief of hypertension following re- 
moval of the unilateral, chronic, pyelone- 
phritie kidney. 

The first patient operated upon in the Uni- 
versity Hospital for the treatment of hyper- 
tension by nephrectomy was a 37-year-old 
ian who had a blood pressure of 185/100 
mm. Hg on admission. While under obser- 
vation, it ranged between 185/110 and 
200/110 mm. Hg. He had marked eyeground 
‘hanges. He was referred to Dr. Max Peet 
‘or splanchnicectomy. Following the work 
Dr. Goldblatt, we performed pyelograms 
mn all patients with hypertension. This man 
iad no urinary symptoms whatever, but he 
lid have some abnormality of the urine and 
vas found to have a rather marked abnormali- 
y of the right kidney which we interpreted 
s being evidence of shrinkage of the cortex, 
robably the result of chronic infection (fig. 


From the Section of Urology, University Hospital 
nd Department of Surgery, University of Michigan 
Medical School, Ann Arbor, Mich. 


Fig. 1. Pyelogram in first case of nephreetomy for 
hypertension performed at University Hospital. Note 
small right kidney. Patient had no urinary symp- 
toms or abnormal findings. 


1). This man was operated upon because of 
hypertension, not because of any urinary 
tract symptoms. His kidney when removed 
weighed 30 Gm. Nine years after operation, 
this man’s blood pressure was normal (132 

72 mm. Hg) and his eyegrounds were normal. 
I see him at least once a year and his blood 
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Fig. 2. Eleven-year-old girl with severe hypertension and pyelonephritis. Left, Intravenous 
pyelogram; right, eystogram, Note reflux of contrast material into ureters and kidney pelves. Fol- 
lowing program of frequent voiding and treatment of urinary infection, blood pressure fell markedly 
and ecystograms made approximately 1 year later show absence of ureteropelvic reflux. 


pressure has been consistently at a normal 
level (140/80 to 130/68) since that time. 

Routine pyelograms on hypertensive pa- 
tients have been made in the University of 
Michigan Hospital since 1937 and 4.5 to 5 per 
cent of the cases show bilateral or unilateral 
abnormalities of the kidneys which might 
conceivably produce hypertension. Of these 
4.5 to 5 per cent, only a small proportion are 
unilateral. In unilateral renal lesions, such 
as chronic pyelonephritis, the results of ne- 
phrectomy have been satisfactory in about 50 
per cent of the patients seen here and else- 
where, and our ‘‘cure rate’’ has been approx- 
imately 20 per cent. 

Various tests have been utilized in attempt- 
ing to predict the outcome of operation in uni- 
lateral renal lesions. Differential excretion of 
phenolsulfonphthalein, creatinine, sodium and 
other substances, has been studied. Our 
own experience, and we have carried out ex- 
tensive investigations in this line, has failed 
to demonstrate their value as a prognostic 


aid in these cases. Dr. Winter® of the Uni 
versity of California in Los Angeles has de 
veloped an isotope clearance test using Dio- 
drast labeled with I'*! which demonstrates 
abnormalities of the renal blood supply as well 
as abnormalities in the emptying power of 
the kidney. We have been employing the 
technic for over a year now in a large series 
of cases and have not demonstrated that the 


Diodrast-I'*' renogram has given us any in- 
formation that other tests have failed to yield. 
We now know that hypertension due to vascu- 


lar lesions in the kidney may occur in cases 
where the pyelograms as well as the renal 
clearance tests are all normal. In these cases, 
the diagnosis of vascular occlusion must de- 
pend upon arteriography. However, most of 
the gross vascular lesions of the renal artery 
also demonstrate an abnormal Diodrast-I'*! 
renogram pattern. The test therefore may 
prove of value in screening hypertensive pa- 
tients who have normal pyelograms but in 
whom arteriography is felt to be contraindi- 
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cited, for the renogram is safe and easy to 
perform, while arteriography does carry a 
s gnificant risk. 
I want to discuss one other case because it 
t nds to confuse the issue just a little bit more. 
‘| his is a girl who was 11 when first seen. She 
lad had hypertension for 4 or 5 years. Dr. 
lfoobler studied her extensively. I copied out 
(f her record this morning these blood pres- 
sire reports from his laboratory: 180/140, 
90/140, 170/140 mm. Hg; that seems to have 
leen the pattern. She had x-ray evidence of 
‘hronie bilateral pyelonephritis, but the right 
Lidney looked worse than the left as you will 
see in the pyelogram. There was some ques- 
tion brought up as to whether we should take 
cut this girl’s right kidney, and we all de- 
vided that we would not because she had 
inanifest disease in both kidneys. She had 
« splanchnicectomy performed in 2 stages, 
and at the time of each of these operations 
a biopsy of the kidney was done. Both biop- 
sies showed chronie pyelonephritic changes. 
ollowing splanchnicectomy she was relieved 


of her hypertension temporarily, but the 
blood pressure soon returned to the preopera- 
tive level. 


The splanchnicectomy was _ per- 
formed in December 1954, and one year later 
she was referred back to our clinic because 
of recurrent urinary tract infection. She 
was having some fever and a great deal of 
bladder irritation. One of my _ associates 
saw her and inquired into her micturitional 
behavior and found that she was one of the 
peculiar individuals—and we have seen them 
oecasionally—who only urinate once every 24 
hours. On the left side of figure 2 is the 
pyelogram before operation showing the 
changes of pyelonephritis. The x-ray on the 
right was made after the injection of con- 
trast material into this girl’s bladder, and 
it was retained in her bladder for about 30 
minutes. You can see that there is reflux 
of the contrast medium up both dilated ure- 
ters into both of the kidneys which are in- 


695 


fected. In order to control her infection, she 
was given the appropriate medication and 
told to urinate every 4 hours by the clock, 
which she has done from that time to this, 
which is now 2 years. I talked to this girl’s 
mother and to her physician about 2 hours 
ago to inquire what had happened in the last 
year, because we had last seen her a year 
ago. At that time, 1 year after she had been 
put on this program of frequent urinations, 
we found that her blood pressure was 
125/85 mm. Hg, and on another occasion it 
was 110/70 and the urine was normal. We 
made another one of these delayed cystograms 
in January of 1956, and since she has been 
following this program she no longer has re- 
flux of urine up her ureters. Her physician 
told me today that in January 1957 her blood 
pressure was 125/90, and in February 1957 
it was 130/90 mm. Hg. I do not believe that 
this is a cure of hypertension, but it is a very 
unusual and remarkable instance of a drop 
in blood pressure towards a more satisfac- 
tory level, simply by clearing up an infection 
in the urine and asking the child to urinate 
4 times a day instead of once every 24 hours. 
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Evidence for Renotrophin as a Causal Factor 
in Renal Hypertension 


By E. Braun-MENENDEz, M.D. 


Most of the methods used for the production of experimental renal hypertension involve a 
reduction in the amount of functional renal tissue. According to the renotrophin hypothesis, 
the blood pressure of animals with experimental hypertension should be reduced or normalized 
if the rate of production of renotrophin is reduced (hypophysectomy, thyroidectomy, low pro- 
tein diet) or if the functional renal mass is increased (kidney transplant, parabiosis). Con- 
versely, the blood pressure should rise to higher levels or hypertension develop if the rate of 
production of renotrophin is increased (thyroid hormones, somatotrophin, testosterone, thyro- 
trophin, gonadotrophin in males, protein-rich diets) or if the functional renal mass is further 
reduced (sensitizing actions of unilateral nephrectomy, ete.).. Experimental evidence to be 
presented conforms with the renotrophin hypothesis and its 4 corollaries. 


OME years ago I proposed a working 

hypothesis that may be expressed as fol- 
lows: The size of the kidney and its fune- 
tional capacity, which in normal conditions 
are more or less closely connected, would be 
determined by the concentration in the blood 
of one or various substances (probably some 
intermediary product of protein metabolism) 
which the kidney must eliminate, or more 
probably destroy, utilize or transform.!: * 
When the production of these kidney growth 
stimulating substances, which for greater con- 
venience we designated renotrophin, is in- 
creased, the kidney enlarges in size and in 
function until a new equilibrium is reached 
between production and destruction, utiliza- 
tion, or transformation of the substances. 
Thus, when a protein-rich diet, pituitary ex- 
tracts, testosterone, or thyroid hormones are 
administered, factors which increase the pro- 
duction of renotrophin, the kidneys increase 
in size and function. When the administra- 
tion of these factors is suspended, the kid- 
neys regain their previous normal weight. 
Contrariwise a low protein diet, hypophysec- 
tomy, or thyroidectomy cause a reduction in 
renal weight and function because of a lesser 
production of renotrophin by the organism 


From the Institute of Physiology, Faculty of 
Medieal Sciences, University of Buenos Aires, Buenos 
Aires, Argentina. 


(fig.1). If the nutritional and hormonal con. 
ditions are kept constant and the amount of 
renal substance is artificially reduced (uni 
lateral nephrectomy, partial nephrectomy, in 
duced renal lesions, ete.), the concentration of 
renotrophin should increase, stimulating the 
ecrowth of the remaining kidney tissue and in- 
creasing its funetion until the equilibrium 
between formation and destruction of reno- 
trophin is re-established. 

According to this theory, hypertension de- 
velops when this equilibrium is broken and 
the remaining renal tissue is unable to re- 
spond to the stimulus of the normal or in- 
creased amount of renotrophin present in 
blood. It is well known that practically all 
the methods used for the production of ex- 
perimental renal hypertension involve a re- 
duction in the amount of functional renal 
tissue with or without a concomitant increase 
in the rate of production of renotrophin. A 
discussion of the various experimental condi- 
tions in which hypertension is the result of a 
disequilibrium between renotrophin produc- 
tion and its destruction by the kidney has pre- 
viously been published.!: ? 

According to the renotrophin hypothesis, 
the blood pressure of animals with experi- 
mental renal hypertension should be reduced 
or normalized if (1) the rate of renotrophin 
production is reduced, or (2) the functional 
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renal mass is increased. Conversely, the 
blood pressure should rise to higher levels or 
hypertension, if still absent, should appear, if 
3) the rate of production of renotrophin is 
increased, or (4) the functional renal mass 
is further reduced. We shall present some 
‘xperimental evidence for each of these 4 
‘orollaries. 

Reduction of Rate of Renotrophin Produc- 
‘ion. Hypophysectomy causes a fall of blood 
pressure in hypertensive dogs*:* and rats,®-* 
but if it is performed a month or more before 
the renal arteries are constricted, it does not 
prevent the development of 
renal hypertension.*: ® 1° 


experimental 
On one hand, the 


“ 


“a9 


THYROIO OR CONSTRICTION 


Top. Schematie representation of renotrophin hypothesis. 
Bottom. Schematic representation of effect of hypophysectomy on blood pressure of hy- 
Height of rectangles represents renotrophin production. 


(Reprinted from Cardio- 


presence of the anterior lobe of the hypo- 
physis seems indispensable to maintain renal 
hypertension ; on the other hand, previous hy- 
pophysectomy does not prevent the hyperten- 
sion resulting from constriction of the renal 
This apparent contradiction is- well 
explained by the renotrophin hypothesis. In 
the animal rendered hypertensive by redue- 
tion of renal mass, hypophysectomy causes a 


arteries. 


reduction in the rate of production of reno- 
trophin; the disequilibrium previously exist- 
ent disappears and with it the rise in blood 
pressure. In the normal animal, hypophysec- 
tomy causes a reduction in renotrophin pro- 
duction and with it a parallel reduction in 
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Fig. 3 Top. Blood pressure of a rat with a figure- 
eight ligature of the left kidney (LK) and right 
nephrectomy (RN). Administration of 875 we. of 
I’ eaused a return to normal blood pressure. Time, 
months. 


Fic. 4 Bottom. Blood pressure of 2 groups of 10 


rats each with figure-eight ligation of the left kidney 
(LLEK) and right nephrectomy (RN). One group 
(broken lines) was injected with I™ (875 ue.), the 
other group (solid line) was kept as a control. 


renal functional mass. But if we further 
reduce the latter by constriction of the renal 
arteries or increase the former by thyroid 
administration, the imbalance is the same as 
in an intact animal and hypertension devel- 
ops (fig. 2). 

A low protein diet lowers the blood pres- 
sure of rats with hypertension due to redue- 
tion of renal mass.’ 

Symptoms and manifestations of hypothy- 
roidism following thyroidectomy are less pro- 
nounced in the dog than in the rat. This is 
probably the reason why thyroidectomy in 
dogs does not prevent or cure hypertension 
produced by constriction of the renal arter- 
ies.11-13 As extirpation of the thyroid in the 
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Fic. 5. Effect of parabiosis on the blood pressur 
Parabiosis between a totally nephrectomized rat an 
a normal rat. The blood pressure of the nephre: 
tomized rat may rise to hypertensive levels; hype: 
trophy of the kidneys of the normal rat (upper pair 
Parabiosis between a hypertensive rat and a norma! 
one causes the blood pressure of the former to return 
to normal levels (middle pair). No significant blood 
pressure fall occurs if a hypertensive rat is united in 
parabiosis with another hypertensive rat (lower lef! 
pair) or with a nephrectonized rat (lower right pair). 
(Reprinted from Acta. physiol latinoam. 2: 1, 1952.) 


‘at produces marked atrophy of the kidney, 
one would expect an effect on hypertension 
similar to that of hypophysectomy.' We have 
performed such experiments: thyroidectomy, 
the oral administration of thiouracil, or the 
administration of I’! (875 we. per rat) 
caused a marked decrease in the blood pres 
sure of rats made hypertensive by figure 
eight ligature of one kidney and removal 
of the other (fig. 3). On the other hand 
thiouracil or I'*! administration in rats with 
a ligated kidney prevented the hypertension 
which usually follows removal of the contra 
lateral kidney (fig. 4). Other authors have 
obtained similar results in other types of ex 
perimental hypertension.'>-!* 76 

Increase of Renal Functional Mass. The 
vascular transplant of a normal kidney 
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Fic. 6 Top. Blood pressure of a rat with reduced 
renal mass. Thyroid powder administration caused 
«a marked inerease in blood pressure. (Reprinted 
from Rev. Soc. Argent. Biol. 30: 138, 1954.) 

Fic. 7 Bottom. Two groups of rats were sub- 
jected to figure-eight ligation of the left kidney and 
right nephrectomy. Eight days after operation 1 of 
the groups (solid line) received daily 50 mg. of tri- 
iodothyronine, the other group (broken line) was 
untreated. 


would be the ideal procedure for increasing 
the renal functional mass. Unfortunately, 
the problem of renal homotransplantation is 
not yet solved. Nevertheless, Muirhead!’ 
ind Kolff and Page?® have observed a redue- 
‘ion in blood pressure in dogs with renoprival 
liypertension a few hours after the vascular 
ransplantation of a normal kidney. The only 
‘bservations in which the transplant of a nor- 
aal kidney to a hypertensive subject has been 
uccessful (survival of the transplant and 
iormalization of the blood pressure) has, 
‘uriously enough, been realized in the human 
pecies.?! 

We have had recourse to parabiosis.2_ Para- 
iotie union of a chronically hypertensive rat 
with a normal rat is followed by a fall in 
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Fig. 8 Top. Effect of somatotrophin on the blood 
pressure of a rat with reduced renal mass. (Re- 
printed from Rev. Soc. Argent. Biol. 31: 95, 1955.) 
Fig. 9 Middle. Effect of thyrotrophin on the 
blood pressure of a group of 4 rats with reduced 
renal mass compared with 5 control animals. (Re- 
printed from Rev. Soc. Argent, Biol. 31: 201, 1955.) 
Fig. 10 Bottom. Effect of prolonged administra- 
tion of serum and chorionic gonadotrophins to rats 
of both sexes. (LLK), figure-eight ligation of left 
kidney; (RN), right nephrectomy. (Reprinted from 
Rev. Soc. Argent. Biol. 31: 194, 1955.) 
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blood pressure to normal levels in the former. 
This does not occur if the hypertensive rat is 
united in parabiosis with another hyperten- 
sive rat or with a nephrectomized rat (fig. 
9). These observations have been confirmed 
by Masson, Corcoran, and Page.** 

Increased Production of Renotrophin. Iu 
order to study the effect on the blood pressure 
of factors which increase the rate of produe- 
tion of renotrophin, we have used rats with 
reduced renal mass which have developed no 
hypertension or only a mild and irregular 


form of this disease. These animals which 


are in a state of unstable equilibrium are very 


When the 


growth of the kidney is limited by mechani- 


sensitive to renotrophic factors. 


cal impediments or renal lesions such as fig- 
ure-eight ligature of one kidney and contra- 
lateral nephrectomy, they respond readily 
with elevation of the blood pressure to defi- 
nite hypertensive levels. We have thus shown 
that the administration of thyroid —hor- 
mone,!* 33s testosterone, somatotrophin,*' 
thyrotrophin,?> gonadotrophin in  males,*° 
and protein-rich diets, cause a rapid elevation 
of the blood pressure to hypertensive levels 
(figs. 3, 6-10). Other authors have obtained 
more or less similar results in other types of 
experimental hypertension.***" 

Further Reduction of the Renal Mass. It is 
important to emphasize that many of the 
renotrophic factors such as somatotrophin 
and thyroxin, apart from increasing the rate 
of production of renotrophin, are able to 
cause renal lesions, thus further decreasing 


the functional renal mass.*° 


Furthermore, 
DCA or other mineralocorticoids which cause 
hypertension by different mechanisms, are po- 
tentiated in their action by a reduction of 
renal mass (unilateral nephrectomy, renal 
lesion, figure-eight ligature) or by the simul- 
taneous administration of renotrophic factors 
(somatotrophin, thyroid hormones, acceler- 
ated body growth). Most of the so-called 
‘‘sensitizing’’ conditions mentioned by Selye, 
including sodium chloride administration 
fall in one of these categories.*! 

This working hypothesis has proved its val- 
ue by its accordance with experimental facts, 
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and its usefulness by opening fruitful lines of 
inquiry. Its weakest point is the assumptio1 
of the existence of a substance (renotrophin 

which is still elusive. 
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Reduction of Experimental Renal Hypertension 


by Kidney Perfusion 


2 hours of perfusion. 


S AN introduction to a discussion of the 

blood pressure reducing function of the 
kidneys, I want to review what I believe to be 
the basic facts of renoprival hypertension. We 
have compared the average increase in blood 
pressure in groups of dogs treated in certain 
ways after bilateral nephrectomy. The over- 
hydrated dogs developed renoprival hyper- 
tension more rapidly than the others, but all 
dogs finally got some increase in blood pres- 
sure. The removal of the kidneys is the basic 
underlying fact, and overhydration and diet, 
are at most accelerating factors.! If we var- 
ied the sodium level of the dog’s blood serum? 
we could sometimes raise and lower the blood 
pressure with the serum sodium level, if the 
excursions were large enough. Occasionally 
Wwe came across a dog which for some reason 
did not develop hypertension after bilateral 
nephrectomy.! It was not immune to the vas- 
eular changes which occur in renoprival 
disease. 

If dogs are nephrectomized and overhy- 
drated they develop hypertension; however, 
under the same conditions if their ureters are 
transplanted into the vena cava, then hyper- 
tension does not develop.* It is the presence 
of renal tissue that prevents the occurrence 
of hypertension even though its excretory 
function is frustrated by leading the urine 
back into the blood stream. These experi- 
ments confirm the earlier observations of Dr. 
Grollman.* Chronic renal hypertension in 
~ From the Research Division of The Cleveland 
Clinie Foundation and The Frank E. Bunts Eduea- 
tional Institute, Cleveland, Ohio. 

This work was supported by a grant to Dr. Kolff 
from the Cleveland Area Heart Society. 


By W. J. Kourr, M.D. 


Normal kidneys were transplanted to the neck of 15 dogs with experimental renal hyperten- 
sion. In 6 a reduction of blood pressure of 52 mm. Hg (32-102) took place during the first 
It is hypothesized that renin or angiotonin in minute amounts im- 
pairs, blunts or frustrates the normal blood pressure reducing function of the kidney. 


dogs will persist after bilateral nephrectomy, 
which makes it unlikely that the hypertension 
is due to the constant secretion of a pressor 
substance by the kidney.* 

We have reported® that hypertension has 
been reduced in 9 of 10 nephrectomized, over- 
hydrated dogs by transplanting a pair of nor- 
mal dog kidneys to the neck of the hyperten- 
sive animal. Transplantation by the same 
technic of a pair of hind legs did not lead to 
a significant fall in blood pressure. Trans- 
plantation of normal kidneys into normoten- 
sive dogs caused no fall in blood pressure. The 
blood pressure reduction in renoprival hyper- 
tensive dogs did not depend upon loss of ex- 
tracellular fluid or sodium excreted by the 
transplanted kidneys. Kidney perfusions of 
renoprival hypertensive dogs which had not 
been overhydrated gave the same results. Per- 
fusion for 2 hours of a spleen from a very 
large dog caused no reduction in blood pres- 
sure, but subsequent kidney perfusion by the 
same hypertensive dog caused a fall in blood 
pressure of 48 mm. Hg in 1144 hours. Direct 
connection of the earotid artery to the jugu- 
lar vein for 14 hour, allowing an arteriovenous 
shunt many times greater than the flow 
through a pair of kidneys, did not cause a fall 
in blood pressure. 

The purpose of the present study was to 
determine whether a reduction of hyperten- 
sion would also occur during transplantation 
of a pair of normal kidneys to the neck ves- 
sels of renal hypertensive dogs. The protec- 
tive mechanism of the kidney, as advocated 
by Grollman,*® in this case not only would 
have to compensate for the blood pressure-re- 
ducing factor that supposedly fails in the 
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phrectomized animal, but also would have 
compete with the pressor system (renin, 
igiotonin, sustained pressor principle), if 
iy, of the experimentally damaged kidney. 


MeEtTHOpDsS 


Fifteen dogs were made hypertensive, according 
Page’s method, by wrapping both kidneys in 
llophane or by wrapping one kidney in cello- 
hane while the other kidney was removed. Ar- 
rial pressures were taken at approximately week- 
intervals, and also on the morning before the 

‘nal perfusion, by direet puncture of a femoral 
rtery with a 20-gage needle connected to a mer- 
iry manometer. 
Dogs that perfused kidneys or hind legs, as in 
revious reports, are termed “perfusors;” dogs 
hat donated kidneys for the perfusion are termed 
donors.” The carotid and jugular vessels of the 
erfusor were connected with a Blakemore-Lord 
itallium eannula,* allowing intima-to-intima 
inastomoses to the lower abdominal aorta and 
ena cava of the kidney donor. When the anas- 
omoses were opened, the aorta and vena cava were 
closed under the diaphragm so that the kidneys 
were switched from the cireulation of the donor to 
the cireulation of the perfusor without interrupt- 
ing the renal blood supply. This technic devised 
by Brull has been described previously.®s Brull's’ 
and Dumont’s® technies of hind leg perfusion were 
modified shghtly. 

The perfusor dogs were anesthetized with chlo- 
ralose or Nembutal, the donor with Nembutal. The 
anesthesia was maintained with a slow, intravenous 
drip of chloralose, or by an automatic syringe” 
delivering 120 mg. of Nembutal in 3 hours in the 
average dog of 10 Kg.f Urine formed by the 
transplanted kidneys was collected and an equiva- 
lent pmonnt of a mixture of 5 per cent dextrose 
in water and normal saline solution was admin- 
istered intravenously. At the end of the experi- 
ments antibiotics were administered. All perfusor 
animals survived except those having malignant 
hypertension. 

RESULTS 


Renal Transplantation. A typical experi- 
ment is shown in figure 1. The perfusor dog 
had malignant hypertension, a blood pressure 
of 220 mm. Hg, and blindness. One kidney 
was wrapped in cellophane 27 days before the 
experiment. Blood pressures rose as follows: 


*Austenal Taboratorv, Ire., New York, N. Y. 

+We are much indebted to Dr. D. B. Paul and 
Dr. H. Beckman of the Pharmacology Department, 
Marquette University School of Medicine, for send- 
ing us one of their automatie syringes for trial. 
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168, 215, 196, and 220 mm. Hg. First an ar- 
teriovenous anastomosis was made between 
the carotid artery and the jugular vein. No 
reduction of blood pressure resulted. During 
readjustment of the position of the dog on 
the table some irregularities occurred (arrow 
2). Thereafter, a pair of normal kidneys was 
connected to the neck vessels. During kidney 
perfusion a gradual reduction in blood pres- 
sure occurred which was interrupted by a 
temporary rise (arrow 4) when 50 ml. of 25 
per cent dextrose with 0.45 per cent saline was 
accidently given intravenously. During the 
first 2 hours of kidney perfusion, the pressure 
was reduced from 212 to 160 mm. Hg and 
after 3 hours to 140 mm. Hg. After the re- 
moval of the transplanted kidneys there was 
a tendency for the blood pressure to go back 
up. Total urine during the first 3 hours of 
perfusion was 125 ml. and total blood loss was 
80 ml. To compensate for this a total of 250 
ml. of a mixture of half 5 per cent dextrose 
and half normal saline was infused intra- 
venously over the same period. The weight 
of the perfusor dog was 7.8 Kg.; the trans- 
planted kidneys 72 Gm. The urine formed 
contained 73 mEq. of sodium and 29 mEq. of 
potassium per L. and the dextrose-saline mix- 
ture contained 85 mEq. of sodium per L. 


Five days later the same dog was used for 


a second experiment. Under the same an- 
esthesia the blood pressure proved to have re- 
turned to its previous level, 200 to 230 mm. 
Hg. During the second experiment the blood 
pressure fell 56 mm. Hg within the first 2 
hours of kidney perfusion. At autopsy it was 
found that there were multiple hemorrhages 
in the gastrointestinal tract and in the pan- 
creas, supporting the diagnosis of malignant 
hypertension. 

Reduction of Blood Pressure. In 6 of 15 
dogs the blood pressure was lowered an aver- 
age of 52 mm. Hg (32 to 102) after 2 hours 
of kidney perfusion (fig. 2). In 5 others the 
blood pressure was lowered at some other time 
during the course of the experiment (fig. 3). 
The remaining 4 dogs showed no significant 
reduction of blood pressure at any time dur- 
In the following discus- 
sion, we shall take into account only the re- 


ing the perfusion. 

























































































































A.V. ANASTOMOSIS 


Fig. 1. 
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Blood pressure of renal hypertensive dog during kidney perfusion. No reduction oe- 


curred during arteriovenous anastomosis. Gradual reduction from 212 to 160 mm. Hg oceurred dur- 


ing the first 2 hours of kidney perfusion. 


ductions in blood pressure that were present 
after 2 hours of kidney perfusion. A perfu- 
sion was started only after the blood pressure 
had been constant for at least 4% hour. 

Blood 
A low urine volume produced by 
the transplanted kidneys did not exclude a 
fall in blood pressure. 


Urine Volume and Reduction in 


Pressure. 


Of the 7 dogs in which 
urine volumes were less than 40 ml. in the 
first 2 hours, the blood pressure came down 
in 2, but of the 4 dogs in which urine volumes 
were larger than 100 ml., the blood pressure 
came down in 3 not withstanding the fact that 
the urine volume was replaced with an equiv- 
alent amount of a mixture of 5 per cent dex- 
trose in water and normal saline solution in- 
travenously (table 1). 
Malignant Hypertension. In 4 experiments 
the perfusor dog had developed malignant 
hypertension, as judged from rapid increase 
of blood pressure, blindness due to retinal de- 
hemor- 
rhages seen mainly in the gastrointestinal 


tachment, and extensive petechial 


tract at postmortem examination. In 3 dogs 
with malignant hypertension the blood pres- 
sure was reduced. In the fourth experiment 
it was reduced only for 1 hour, but later went 
back up. 

Duration of Hypertension Prior to Kidney 











Perfusion. In 3 experiments the hypertension 
had existed for only 1 to 3 weeks prior to the 
kidney perfusion. In 2 of these experiments 
the hypertension was malignant; in the third 
dog with hypertension of short duration, no 
reduction of blood pressure took place. In 
the 12 other experiments the hypertension had 
existed for 21%4 to 8 months. Reduction of 
blood pressure occurred in 5, 3 times after 4 
months and 2 times after 8 months. 

Kidney Weight and Reduction in Blood 
With large donor kidneys there 
were greater falls in blood pressure (table 1). 
In 3 experiments in which the ratio of weight 
in grams of donor kidneys : body weight of 
perfusor in kilograms was 8.2 to 9.2, the av- 


Pressure. 


erage fall in blood pressure during the first 
2 hours of perfusion was —62 mm. Hg (32 to 
102). In these experiments the weight of the 
donor dog was greater than that of the per- 
fusor dog. Of the 7 experiments in which 
kidney weight : body weight ratios were un- 
der 4 Gm. per Kg., only one significant fall in 
blood pressure (—82 mm. Hg) occurred; all 
others showed no fall or a fall less than 20 
mm. Hg. 

Influence of Hind Leg Perfusion and Ar- 
teriovenous Anastomosis on Blood Pressure. 


Two hind leg perfusions were performed and 
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CHANGE IN 
ART. PRESSURE 
mm. Hg 


+20— CHANGE IN 
ART. PRESSURE 
mm. Hg 


HOURS 


+20— 


HOURS 


Fig. 2 Left. The line indieates the average blood pressure decline in 6 renal hypertensive 
dogs that had a significant fall in the first 2 hours of kidney perfusion. 

Fic. 3 Right. In 5 of 15 renal’ hypertensive dogs a fall in blood pressure oceurred during 
kidney perfusion which, at the second hour, was considered to be less significant. 


in 2 eases arteriovenous anastomoses were 
made between the carotid artery and the jug- 
ular vein, thus allowing a vascular shunt 
much larger than the total blood flow through 
any pair of transplanted kidneys. Reduction 
of blood pressure attributable to these pro- 
cedures was not observed. 


Discussion 

We observed a reduction of hypertension 
in 6 of 15 renal hypertensive dogs after 2 
hours of kidney perfusion and in 11 of the 15 
if the arbitrary 2 hour limit is disregarded. 
This proportion is in contrast to a reduction 
in 9 of 10 renoprival hypertensive overhy- 
drated dogs previously described.* In the ex- 
periments with renoprival hypertension we 
were reassured by the lack of effect on the 
blood pressure of hind leg perfusion, spleen 
perfusion, and of arteriovenous anastomosis, 
but such reassurance is more difficult to obtain 
in the present investigation. We have found 
no influence from hind leg perfusions or ar- 
teriovenous anastomoses in 4 dogs with renal 


hypertension, but in order to contrast with 
the 6 significant reductions during 15 kidney 
perfusions a much larger number of hind leg 
perfusions would be required. 

During the course of the experiments it was 
observed that relatively small amounts of 
saline-dextrose (60 or 80 ml.) could cause con- 
siderable rises in blood pressure. This makes 
us suspect that the observed fall in blood 
pressure may not be specific and that the re- 
sults, although suggestive, should not be ac- 
cepted as proof. 

The marked reduction in hypertension in 
all 3 of the renal hypertensive dogs that per- 
fused large kidneys is consistent with the pre- 
vious findings of Braun-Menéndez.!® Katz, 
Friedman, Rodbard, and Weinstein!! many 
years ago expressed the view that hyperten- 
sion is the result of a disproportion between 
normal and abnormal renal tissue. In our 
previous experiments in renoprival hyperten- 
sive dogs there was no abnormal renal tissue; 
therefore a blood pressure reduction after 
kidney perfusion was more frequent than in 
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the present experiments in which the hyper- 
tensive effect of the cellophane-wrapped kid- 
neys also had to be overcome. Floyer'® 1° has 
suggested that something coming from the dis- 
eased kidney destroys the ability of an un- 
touched kidney to maintain normal blood 
pressure. We suggest renin or angiotonin as 
the substance that impairs, destroys 
blunts this beneficial function of the kidney. 
The amount of renin or of angiotonin re- 
quired to blunt this normotensive function of 
the kidney might be much smaller than the 
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TABLE 1.—Reduction of Experimental Renal Hypertension in Dogs by Kidney Perfusion 


KOLFF 










Urine | Dextrose and B.P BP. Ratio of 
vol. in | saline change greatest kidney wt., 
first br | in first 2 after 2hrs. | change Gm: dog 
(ml.) hr.(ml.) | (mm.Hg) | (mm. Hg) weight, Kg 
: | 2 — iannamaemaians 
10 —14 1 hr. 4.7 
—44 


340 300 — 26 6 hr. 4.4 
| —54 


50 | 50 —102 24hr. | 8.9 
—120 


25 30 | -48 | 2hr. 4.6 
—48 


3 hr. 
79 
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-10 | 3hr. 3.3 
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140 | 80 —32 4 hr. 
| —100 


65 | 65 —20 3 hr. 
— 20 


40 100 | None None 2.5 
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V6 hr. 
—14 
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11 hr. 
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1 hr. 
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amount necessary to give a direct pressor re- 
sponse. This hypothesis will reconcile the 
convincing evidence presented by Dr. Waker- 
lin and Dr. Goldblatt that antirenin cures 
renal hypertension in dogs with the difficul- 
ties experienced in demonstrating the pres- 
ence of angiotonin in circulating blood in 
amounts large enough to cause pressor re- 
sponses. It will also explain why Dumont** 
was unable to see a rise in blood pressure 
when he transplanted the kidneys of a renal 
hypertensive dog, renal artery constriction 
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nd all, to the neck of a sensitive perfusor, 
Ithough application of a clamp to these kid- 
ieys then produced a pressor response. 


SUMMARY 

The reduction of renoprival hypertension 
‘an be repeated as often as one wants by 
transplanting normal kidneys to the neck of 
renoprival hypertensive dogs. In these ex- 
periments the phenomenon occurred within 
2 hours after transplantation of the kidneys. 
Muirhead, Stirman, Lesch and Jones! with 
other technics have shown that the transplan- 
tation of a kidney to the neck of a renoprival 
hypertensive dog reduced its blood pressure, 
and that this reduction did not depend upon 
the loss of water and electrolytes. The evi- 
dence obtained for the blood pressure reducing 
function of the kidney in renal hypertensive 
animals, both in Floyer’s rats with renal ar- 
teries clamped and in our dogs with kidney 
transplantation, is suggestive but cannot be 
accepted as proved. We have, however, ob- 
tained very valuable support from the experi- 
ences of Merrill, Murray, Harrison and 
Guild'*® in Boston. After transplantation of a 
normal kidney, the blood pressure of their pa- 
tient with malignant hypertension first came 
down, which may be interpreted as evidence 
of the blood pressure reducing function of the 
transplanted kidney. The pressure then 
started back up until the patient’s own con- 
tracted kidneys were removed. This may 
show that the contracted kidneys impaired or 
frustrated the blood pressure reducing func- 
tion of the normal transplanted kidney and 
that this function was restored after their re- 
moval. Two more kidney transplantations in 
identical twins with a similar effect on the 
blood pressure were recently reported." 
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Evidence for Humoral Factors in Renoprival Hypertension 


By Pauw A. Ronpeti, Px#.D., Rury B. McVauen, PuH.D., anp Davip F. Bour, M.D. 


Plasma of renoprival hypertensive rats was found to have an exaggerated constrictor effect on 
isolated rat aorta strips, however, no pressor effect was produced in acutely nephrectomized 
rats eross-cireulated with renoprival hypertensive animals. It is suggested that if the constrictor 
element of the plasma from renoprival hypertensive rats is not just an artifact of the aorta 
strip assay technic but does exist and play a role in renoprival hypertension, it does so by 
acting on arterioles sensitized by the chronic a-renal condition. 


PECULATIONS as to the basic mechanism 

of hypertension generally follow one of 
two lines of thought: that increased periph- 
eral resistance is caused (1) by increased 
levels of humoral constrictor material or (2) 
by increased responsiveness of the arterioles 
to normal constrictor influences. The study 
of renoprival hypertension is especially in- 
teresting in exploring the first supposition in 
that the most frequently postulated source of 
abnormal pressor principle, the kidney, is ab- 
sent throughout the development of this acute, 
severe hypertensive disease. Such studies 
seem the more pertinent in consideration of 
the large body of evidence!*® which suggests 
that the ultimate causative mechanism is the 
same for both renal and renoprival hyper- 
tension. 

We have prepared renoprival hypertensive 
rats using the technic developed by Kolff and 
Page.!° Female rats of 225 to 250 Gm. are 
bilaterally nephrectomized and maintained by 
daily peritoneal lavage. Hypertension usu- 
ally develops by the third day. Systolic 
pressures increase to 150 to 180 mm. Hg or 
more and are maintained until immediately 
before death. On the sixth to tenth day after 
nephrectomy animals are used for one of two 
types of experiments designed to disclose the 
presence of humoral constrictor material. 


From the Department of Physiology, University 
of Michigan, Ann Arbor, Mich. 

This work was supported by the Michigan Heart 
Association and by research grant H-2578 from the 
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In the first group of experiments the con- 
strictor ability of plasma from normal and 
renoprival hypertensive rats was compared 
using the aortic strip method of Furchgott." 
A strip cut spirally from the thoracic aorta 
of a rat is suspended from a light muscle lev- 
er and immersed in a bath of balanced salt 
solution. The strip contracts in response to 
the addition to the bath of many vasoactive 
materials. A record of the contractions of 
such a strip in response to serotonin, epineph- 
rine, serum and plasma is illustrated in fig- 
ure 1. The response to plasma samples taken 
at each of 3 successive intervals during rapid 
exsanguination are also illustrated. The in- 
crease in constrictor activity of the plasma 
as bleeding continues presumably reflects the 
increased sympathoadrenal discharge in re- 
sponse to severe hypotension. 

In comparisons of strip response to plasma 
from normal and from renoprival hyperten- 
sive rats, although standardized, relatively 
atraumatic bleeding technics were used, the 
hypertensive plasma _ consistently showed 
greater constrictor activity than the normal 
plasma. Data from two series of experiments 
are summarized in table 1. In each series the 
hypertensive plasma showed greater constric- 
tor activity than the normotensive plasma 
tested concurrently. More recently attempts 
have been made to quantify this difference by 
comparing, with each strip, plasma constric- 
tor activity and the constrictor activity of 
epinephrine. The activity of the plasma can 
then be stated in epinephrine equivalents, 
i.e., aS micrograms of epinephrine per liter of 
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Upper record, contractile responses of a spirally cut rat aortie strip to several vaso- 
Lower record, the height of the contraction produced by equal amounts of plasma 


varies directly with the length of the bleeding procedure and probably reflects increasing titers 


of humoral adrenergic vasoactive agents. 


plasma if the constrictor activity were due en- 
tirely to epinephrine. 

Since it is clear that the constrictor activity 
of plasma is influenced by factors involved in 
obtaining it, the possibility exists that the 
difference between the plasmas of renoprival 
and of normal rats may be due simply to 
epinephrine being released more readily from 
the renoprival hypertensive animal during 
bleeding. Attempts have been made to deter- 
mine the nature of the constrictor material. 
Identification by means of adrenergic-block- 
ing agents has not proved fruitful since the 
agents used produced an equal reduction in 
the response to both normal and hyperten- 
sive plasma. Instead we have used a bizarre 
differential responsiveness that has become 
evident between rabbit and rat aortas. 

A typical experiment, in which the re- 
sponses of rabbit aorta are compared with 
the responses of rat aorta, is illustrated in 
figure 2. Epinephrine sensitivity of these 
strips is very similar. Contractions of the 2 
strips in response to the various plasmas, 
similar. Hypertensive 


however, are not 





TABLE 1.—Plasma Constrictor Activity from 
Normal and Hypertensive Rats 
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plasma produces greater contraction of the 
rat strip than of the rabbit strip whereas 
normal plasma produces greater contraction 
of the rabbit than of the rat strip. To elim- 
inate from our considerations differences in 
reactivity between the 2 strips, epinephrine- 
equivalent concentrations have been caleu- 
lated. Comparison of the strips with respect 
to these values indicates that the rabbit strip 
was half as responsive to hypertensive plasma 
as was the rat strip, but 4 times as responsive 
to the normal plasma. The fact that the 
plasmas influence the strips differently sug- 
gests that the constrictor principles in the 2 
types of plasma are fundamentally different. 











Fig. 2. Contractions of rabbit and rat aortie strips 
indicate a differential responsiveness to plasma from 
normal and hypertensive animals. Epinephrine equiv- 
alents are indicated above each plasma-stimulated 
contraction. 


Some indication of the nature of this differ- 
ence may be obtained oy considering the 
epinephrine equivalent value for each of the 
plasmas on the paired strips. Epinephrine is 
made the denominator for reducing the re- 
activity of the 2 strips to a common value. 
Comparison of the reactivity of the 2 strips 
to plasma should, therefore, yield a rabbit 
strip : rat strip ratio of 1 if epinephrine in 
the plasma is the stimulus for contraction. 
Conversely a ratio other than 1 indicates that 
the plasma constrictor is not epinephrine-like. 

The data, summarized in table 2, indicate 
that higher levels of constrictor activity of 
hypertensive than of normal plasma are de- 
tectable with rat aorta but not with rabbit 
aorta. The high average rabbit : rat activity 
ratio (8.7) of control plasma taken early in 
the bleeding procedure indicates that its con- 
strictor material affects the strips quite dif- 
ferently from epinephrine. The average ac- 
tivity ratio of plasma taken late in the bleed- 
ing procedure (which would be expected to 
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TABLE 2.—Plasma Constrictor Activity 





Epinephrine equivalents 
(¥/L.) 


Hypertensiv: 
plasma 


Control bleeding 


Early Late 


On rabbit aorta 


On rat aorta 


Rabbit: rat ratio 





contain additional quantities of epinephrine) 
is much lower (2.9) and suggests that a higher 
proportion of the total contractile stimulus is 
due to epinephrine-like materials. Hyperten- 
sive plasma, though it was drawn as ‘‘early 
plasma,’’ showed a rabbit rat sensitivity 
ratio of 1.5, even closer to that which would 
be expected if epinephrine were the constric- 
tor agent. 

These observations suggest that the abnor- 
mal constrictor activity of renoprival hyper- 
tensive plasma is due to an increase in cireu- 
lating epinephrine-like material. We can not 
ignore the possibility, however, that there is 
in renoprival hypertensive plasma an_ in- 
creased amount of a material which affects the 
2 strips in a manner just opposite to that of 
the constrictors of normal plasma, i.e., a ma- 
terial which has a rabbit : rat activity ratio 
of less than unity. The question remains as to 
whether this epinephrine-like material is re- 
leased more readily by the renoprival hyper- 
tensive animal on bleeding than by the nor- 
mal, or whether, in this form of hypertension, 
the concentration of such circulating pressor 
amines is chronically elevated. 

A second group of experiments has been 
performed in an attempt to differentiate be- 
tween these possibilities. An isovolemic con- 
trolled cross-circulation system has been ar- 
ranged by means of which a renoprival hyper- 
tensive animal is cross-circulated with a nor- 
mal assay animal. To maintain stable and 
normal blood volumes the animals were ar- 
ranged on the 2 pans of a double-pan bal- 
ance (fig. 3) sufficiently sensitive to detect a 
volume change of the order of 0.1 ml. By 
adjusting the valves in the cross-circulation 
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Fig. 3. Diagram of mechanical arrangement in cross-circulation experiments. Flow rate was 


measured by measuring rate of weight gain in the recipient when one arteriovenous coupling was 


elamped. 


tubing, the flow rate in the 2 directions could 
be kept equal. The arteriovenous couplings 
permitted a rate of flow between the animals 
sufficient to exchange their blood volumes 6 
to 10 times during the average cross-circula- 
tion period of 70 minutes. This allowed the 
extracellular fluid of the two rats to approach 
equilibrium. Blood pressure was recorded 
from the carotid artery via small volume 
mereury manometers. Should the elevation 
in humoral constrictor material indicated by 
the strip assay be responsible for the elevated 
blood pressure of the renoprival hypertensive 
animal, the free intermixing of blood would 
result in a fall in blood pressure of the reno- 
prival hypertensive or a pressor response in 
the assay animal, or perhaps both. Since it 
has been shown that normally circulated 
kidneys reduce or prevent renoprival hyper- 


tension,!*-!* the assay rats were bilaterally 
nephrectomized immediately before’ the 
experiment. 

The upper record, figure 4, illustrates the 
response to cross-circulation of a pair of con- 
trol animals. Both animals were nephrecto- 
mized a short time before cross-cireulation be- 
gan. Evaluation of the responses to cross- 
circulation in 5 such control experiments in- 
dicate that blood pressure changes were: mini- 
mal. Furthermore, the variations that were 
seen were apparently unrelated to the cross- 
circulation procedure since the same type of 
variability was seen before, during, and after 
cross-circulation periods. 

In the lower record, figure 4, blood pressure 
changes during ecross-circulation between a 
renoprival hypertensive rat and an acutely 
nephrectomized assay animal are illustrated. 
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Fic. 4. Upper record, a section of the blood pressure record from a control experiment in which 
two acutely nephrectomized, normotensive animals were cross-circulated. No significant changes are 
evident in response to the cross-circulation procedure. Lower record, a portion of the blood pres- 


sure record during cross-cireulation between a renoprival hypertensive (RPH) and an assay ani- 


mal shows a gradual rise of 12 mm. Hg mean pressure in the assay animal. Fluctuations in blood 


pressures of both animals early and again late in the ecross-circulation period were due to blood 


volume changes associated with flow rate determinations. 


There was a gradual, slight elevation of blood 
pressure in the assay animal during the pe- 
riod of eross-circulation. This record illus- 
trates the only observation suggesting any 
pressor influence from the blood of hyperten- 
sive rats cross-circulated with acutely nephrec- 
tomized assay animals. Evaluation of 5 
such experiments indicate that fluctuations in 
blood pressure during cross-circulation were 
quite similar to those seen in the control 
group. 
SUMMARY 

Evidence obtained by means of the rat 
aortic strip assay indicates that there is ex- 
aggerated constrictor activity in plasma from 
renoprival hypertensive rats. It was impos- 
sible, however, to detect any pressor influence 


of this plasma by cross-circulation experi- 
ments. These apparently conflicting results 
ean be reconciled if any of the following pos- 
sibilities hold: 1. If the high constrictor ac- 
tivity found in this plasma represents a more 
rapid release of constrictor material by the 


renoprival hypertensive rat than by the nor- 
mal rat during bleeding. 2. If this material in 
the plasma of the renoprival hypertensive rat 
selectively constricts the isolated aortic 
smooth muscle but fails to cause constriction 
of the vascular smooth muscle governing to- 
tal peripheral resistance (arteriolar) in vivo. 
3. If this humoral constrictor factor in reno- 
prival rats acts only on arterioles sensitized 
in some way by the protracted a-renal con- 
dition. 
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Discussion of Reports on Renoprival 
Hypertension 


R. GROLLMAN: The diversity of opin- 

ions expressed today is ample evidence 
of the apparent confusion in this field which 
you have already realized. Far be it for me to 
add to this confusion by describing some of 
my own experiments which are in obvious con- 
flict with some you have already seen. In- 
stead, I shall try to harmonize some of the 
views which have been expressed, because I 
personally feel that one can correlate the data 
which have been accumulated since Dr. Gold- 
blatt stimulated investigation in this field 25 
years ago. Such a correlation permits one to 
envisage much that is of great practical im- 
portance in managing this common disease. 
Much confusion has arisen from our failure to 
define what we mean by hypertension. Many 
of the ‘‘experts’’ who have written in this 
field deny that hypertension represents a dis- 
ease at all. If that be true, we obviously are 
wasting time by trying to discover its patho- 
genesis. It seems to me that we must begin 
by defining just what we mean by hyperten- 
sion. Personally, I feel that hypertension is 
a definite disease entity which is better desig- 
nated as hypertensive cardiovascular disease. 
The word hypertension is too often used as 
a synonym for a rise in blood pressure. This 
is undesirable since a rise in blood pressure 
represents merely a change in one of the vari- 
ables of the cireulation. If you exercise, or 
are excited, your blood pressure rises acutely ; 
you are not suffering from hypertensive dis- 
ease. Hypertensive disease is not simply a 
rise in blood pressure. Many of the changes 
in blood pressure that have been shown to- 
day probably should not have been referred 
to as ‘‘hypertension’’ and do not contribute 
anything to the elucidation of this field, be- 
cause all they represent are elevations in blood 
pressure. Hypertensive disease is a specific 
disorder which we can define hemodynami- 
cally, clinically, and pathologically. 


The view that experimental hypertensic ; 
has nothing to do with human hypertension s 
entirely unjustified. I think that they a e 
entirely identical hemodynamically; the r 
clinical course, in so far as we can relate tl e 
two, is similar; pathologically they are ce 
tainly similar. Accordingly, we are justific | 
in applying our experimental results to clin - 
cal considerations. 

Now, let us turn specifically to some of th» 
points which have been raised this mornin: . 
There is no question that certain condition ., 
which we call hypertension, are induced by 
the elaboration by the kidney of a pressor 
agent. This has been demonstrated in acute 
glomerulonephritis, in infaretion of the kid- 
ney, after tying a ureter, and in some atro- 
phic kidneys. I don’t think that anyone will 
question that there is a pressor agent of some 
type which induces hypertension in these con- 
ditions. On the other hand, in most patients 
with hypertension no pressor agent can be 
demonstrated. 

IT have no patience with the view taken by 
so eminent a worker in this field as Dr. Pick 
ering,’ who denies the very existence of hyper- 
tension as a disease and considers it an arti 
fact. You may as well deny that diabetes is 
a disease, because it develops gradually and 
there is no sharp dividing line between the 
normal and the diabetic. It is generally ac 
cepted that so-called ‘‘essential’’ hyperten 
sion is an inheritable condition ; it is initiate: 
at the time of conception, before there is eve: 
a circulatory system. I agree entirely with Dr 
Goldblatt’s conception that it is entirely rena 
in origin, and I believe that we can explain 
all true experimental as well as clinical hy 
pertension on a renal basis, although I do not 
agree with his reasoning as to its pathogene 
sis. I do not think that a circuiaio.y disturb 
ance of the kidney must initiate the diseas 
but rather that any defect in the function o! 
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tie organ often unrelated to its circulation 
is the cause of the disease. 

In conclusion, may I make a plea that we 
1ot emulate the blind men describing the 
‘lephant. We have reached the point now, 
: fter 25 years of labor, where we can corre- 
ite many observations into a unified hypoth- 
sis, which not only clarifies an important 
linieal field, but also promises much for the 
uture management of hypertensive disease in 
he human. 

Dr. HANDLER: Some years ago we wan- 
lered into the field of ‘‘experimental hyper- 
ension.’’ At the time there was considerable 
‘ontroversy in the literature concerning the 
‘ffeet of the level of various nutrients on the 
jlood pressure of humans with hypertensive 
lisease and there was a not very extensive 
literature relating the effect of nutrition on 
animals with one or another form of experi- 
We proceeded to feed 
rats diets made of purified nutrients which 
had been made available by the successes of 
the various drug houses in the vitamin busi- 
ness. We used rats in which hypertension was 
induced by placing a figure-eight ligature on 
one kidney and removing the other. It soon 
became apparent that almost anything we did 
to these animals reduced their blood pressures. 
The 3 principal technics were severe restric- 
tion of sodium consumption, caloric restric- 
tion and very severe protein restriction. All 
effectively reduced blood pressure in such ani- 
mals.2, We decided that we would follow the 


mental hypertension. 


clue offered by the fact that protein restric- 
tion did effect a lowering of blood pressure, 
the notion being that if one could understand 
why protein restriction has some effect on the 
rat’s blood pressure one might come a little 
closer to understanding the mechanism of the 
high blood pressure itself. Suffice it to say, 
after a long series of experiments, we satis- 
fied ourselves that, in large measure, protein 
restriction is tantamount to a functional hy- 
pophysectomy in that the anterior pituitaries 
of severely protein restricted animals do not 
funetion.2 The various trophic hormones 
usually emanating from this organ are not 


released. I don’t know if they are synthe- 
sized, but they certainly are not released in 
the severely protein restricted animal. Of 
these hormones, ACTH and growth hormone 
were effective in this situation. One could 
restore the high blood pressure in such ani- 
mals by giving either ACTH or growth hor- 
mone. While pondering the significance of 
this phenomenon, we performed a rather 
simple experiment. ACTH was given to bi- 
laterally nephrectomized rats. In modest 
dosage this elicited, in 2 to 4 hours, a marked 
rise in blood pressure which was sustained 
for a matter of 6 to 8 hours. The ACTH was 
given about 24 hours after the bilateral ne- 
phrectomy.* 

This seemed a rather significant observa- 
tion. These were animals without kidneys 
and the hypertension so induced must relate 
to the fact that there were no kidneys present : 
renoprival hypertension, if you will. To ex- 
plain it, we cannot draw on the renin mecha- 
nism or any other mechanism which implies 
a positive role of the kidney under such eir- 
cumstances. However, we thought there were 
many clues in the literature. Among these 
was the fact, to be discussed later, that in the 
dog if one clamps the artery leading to one 
kidney, one obtains reasonably high blood 
pressure which then subsides. To obtain 
satisfactory chronic hypertension one must 
remove the other kidney, implying a protee- 


tive influence of some sort by the kidney 
whose circulation has not been altered. This 


kidney therefore does something useful for 
There had also 
begun to appear the body of literature to 


the animal in this regard. 


which several references have been made by 
Dr. Grollman and Dr. Kolff, implying that 
there is something that can be called reno- 
prival hypertension, a phenomenon which re- 
lates to the lack of functional kidney tissue 
rather than to the presence of abnormal renal 
tissue. This led us to the old and naive no- 
tion that there may be something in normal 
urine which, under proper circumstances, 
would elicit a pressor response. The proper 
circumstance would be an animal lacking use- 
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ful functioning renal tissue and so unable to 
excrete this material. 

In defining the disease situation with which 
he was concerned, Dr. Goldblatt insisted that 
there must be no impairment of excretory 
funetion. However, we decided to modify 
this definition to say that there would be no 
impairment of excretion of the usual quanti- 
tatively major components of urine. He has 
told us today that one must exclude Diodrast 
excretion from this definition. Surely, since 
normal kidneys are not normally required to 
excrete Diodrast, the definition remains un- 
affected. 
something wrong with the excretory machin- 
ery of human hypertensive patients. Thus 
we considered the possibility that there might 
be some hitherto unrecognized material which 
might result in a rise in blood pressure when 
there is failure to excrete it. We conducted 
some experiments which I now regret, since 
if we had not done them, I would not have to 
stand here at this moment. 

We proceeded to inject concentrations of 
normal human urine into rats prepared by 2 
different procedures. The one used most fre- 
quently was the bilaterally nephrectomized 
rat. In our earliest experiments, and in ex- 
periments sporadically conducted over the 
last 4 to 5 years, this has worked. Such in- 
jections have elicited sustained rises in the 
systolic blood pressure of the bilaterally ne- 
phrectomized rat. We attempted to isolate and 
identify this material on those occasions when 
this assay technic worked. It didn’t always 
work. We were able to locate the active ma- 
terial in a rather ill-defined mucoprotein frac- 
tion of normal human urine. Of the various 
experiments performed to establish the phys- 
iologiec significance of this material, assum- 
ing it to be real, the most impressive was the 
fact that this activity seemed to disappear 
from the urine of 2 dogs with clamps on both 
renal arteries and from the urine of rats 
which were rendered hypertensive by our usu- 
al technic.5 We have pursued these observa- 
tions sporadically for several reasons. One of 
them is that my graduate students and post- 
doctorate fellows always seem to want to work 


But this observation does imply 





with enzymes and do not want to play with 
this problem. And they are wise. The second 
reason is that this assay is utterly inconsist 
ent in our hands. The folks in our labora 
tory keep pressing me to seek another assay 
but I insist that if this assay does not work 
then we have no phenomenon, and we hav 
nothing to look for. This is the situation in 
which we now find ourselves. 

Some years ago our chairman, Dr. Daven 
port, had the courage to write a paper which 
I recall was entitled ‘‘In Memoriam, the Car- 
bonic Anhydrase Theory of Gastric Acidity.”’ 
He wrote it prematurely, because it turned 
out that he didn’t have to write it at all since 
he was right in the first place, but it was the 
true measure of his scientific integrity. Well, 
I don’t think I lack the courage to write an- 
other ‘‘In Memoriam,’’ but at the moment | 
am rather ambivalent about all this. We have 
seen the phenomenon work so many times that 
I am convinced there must be some real basis 
for it, but in pushing it further we have had 
a dreadful lack of success. There the matter 
must rest at the moment. We will keep try- 
ing. 

In the course of doing all this, we have de- 
veloped a profound distrust of one’s ability 
to measure, with reasonable confidence, the 
systolic blood pressure of the rat. Our ex- 
panding scientific apparatus industry pro- 
vides more gadgets annually, but with each 
of them it seems possible to determine that a 
rat’s blood pressure is almost any value 
you want it to be. We have had to insist 
upon a double blind arrangement with the 
people making these measurements to insure 
that these emotional problems are avoided. 
With most apparatus used for this purpose 
there is a very elegant device that permits 
determination of the endpoint quite precisely 
but does not establish exactly what the blood 
pressure was at that endpoint, largely be- 
cause of the inadequacy of the pressure cuff 
arrangement. We have devised a simple 
little gadget which permits one to place a cuff 
on the rat and at least obtain reproducible 
relative data on that animal, independent of 
the operator (fig. 1). 
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Fic. 1. 1. Shows the animal euff for use with the photoelectric tensometer. One strips off the 
ribbon. 2. Place the bare rubber onto a piece of adhesive tape. The dots indicate the sticky side 
of adhesive tape. 3. Cover part of the noninflatable end of the cuff with another strip of tape. 
For 150 Gm. rats about 2.5 em. of inflatable cuff should be stuck to tape. 4. Cover the exposed 


adhesive sections with two strips of tape. 4. 
Sew on a pair of small size snap fasteners. 


Cover the flap with a strip of adhesive tape. 6. 
For 150 Gm. rats the snaps should be about 3.0 em. 


apart. 7-8. Fold down flap and sew. 9. Trim to size. 19. Top view of the cuff in position. 11. 
Hold the euff so that the free inflatable part is behind the rat’s leg. 12. Wrap the free inflatable 
part of cuff around the rat’s ankle. 13. Snap the euff shut and rotate the entire cuff around the 


rat’s leg to insure even wrapping of the inflatable 


Biol. § Med. 96: 391, 1957.) 


Finally I would like to take exception to a 
remark of Dr. Grollman. I admit that the 
term ‘‘hypertension’’ is loosely used, but the 
semantic problem should be placed back on 
the clinician and pathologist. If they mean 
‘‘hypertensive cardiovascular disease’’ let 
them say so, or devise a new term. ‘‘Hyper- 
ventilation’’ and ‘‘hyperacidity’’ are phys- 
iologie facts, whether they be pathognomonic 
of a specific disease is another matter. So 
also is ‘‘hypertension’’ a physiologic measur- 
able entity, not a disease, and we are justified 
in employing this term simply to indicate a 
blood pressure in excess of whatever values 


portion. 


(Reprinted from Proc. Soc. Exper. 


are considered to be normal in a given patient 
or animal. 

Dr. RopparpD: I would like to say some- 
thing about a possible relation between reno- 
prival hypertension and renal hypertension. 
About 20 years ago Dr. Katz and I were en- 
gaged in a series of studies on the hyperten- 
sion which follows unilateral renal artery con- 
striction. Removal of the clamped kidney 
led to a fall in blood pressure in a few hours. 
By contrast, when we removed both kidneys in 
such a dog, the blood pressure persisted at 
high levels until the animal died in uremia 
several days later. This was, and ean still 
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be, interpreted as follows: The ischemic kid- 
ney produces and secretes a pressor material 
which manifests itself in an elevated blood 
pressure. This circulating pressor material 
is eliminated by the normal kidney. The hy- 
pertension therefore is a resultant of the se- 
cretion of pressor materials by the ischemic 
kidney, minus the activity of the normal kid- 
ney which neutralizes the circulating pressor 
substance. We also demonstrated that the 
normal kidney destroys the pressor agent by 
means of a metabolic, rather than an exere- 
tory, function. This was shown in experi- 
ments in which the ureter of the normal kid- 
ney was grafted into the vena cava, so that 
the renal excretory products were returned to 
the circulation. When the ischemic kidney, 
the source of the pressor material, is then re- 
moved, the blood pressure falls to normal 
within a few hours, just as if a normal kidney 
were present. A metabolic function of the 
normal kidney is therefore responsible for re- 
duction of the blood pressure to normal. 

Perhaps this concept may also fit with the 
data on renoprival hypertension. The basic 
question, it seems to me, is that having to do 
with the source of the pressor material in this 
form of hypertension. It has been reported 
that grafting of a normal kidney into an ani- 
mal with renoprival hypertension brings 
about a rapid fall in blood pressure. This is 
the same pattern noted previously ; that a nor- 
mal kidney removes from the circulation cer- 
tain pressor materials. 

We are rather fixed in our notions that pres- 
sor materials must somehow arise in the kid- 
ney. Perhaps pressor material originating in 
nonrenal sources as well, in the intestines as 
pepsitensin, or the arterial breakdown of pro- 
teins in the arterial wall to peptipressor ma- 
terial as discussed by Dr. Braun-Menéndez, 
may account for hypertension. This produc- 
tion of pressor materials is apparently not as 
active as that in the kidney, but given a suffi- 
ciently long period of time, animals kept alive 
without kidneys may accumulate enough of 
such pressor materials to become hyperten- 
sive. It is therefore not necessary to consider 
renoprival hypertension as due to the lack of 


an antihypertensive material which is normal- 
ly supplied to the body by the normal kidney. 
Instead, hypertension may result because no 
kidney is available to destroy pressor materi- 
als of extrarenal origin. The fact that the 
pressure falls rapidly when the animal’s blood 
is perfused through a grafted kidney would 
seem to support such a concept. 


SUMMARY 


It was pointed out that some of the con- 
fusion in this field resulted from failure to 
define the term ‘‘hypertension.’’ 
rise in blood pressure was not hypertensive 
disease and should not be referred to as ‘‘hy- 
pertension’’ according to Dr. Grollman. 

It was stated that all hypertension is renal 
in origin, but due to a defect in the function 
rather than in the circulation of the kidney 
(Dr. Grollman). In both renal and reno- 
prival hypertension there is lack of the nor- 
mal renal protective mechanism, i.e., the kid- 
neys fail to excrete some pressor substance 
(Dr. Handler). This protective action of 
the kidneys may be metabolic rather than 
excretory, and both renal and renoprival hy- 
pertension may be due to the lack of renal 
catabolism of pressor materials which may be 
of extrarenal as well as of renal origin (Dr. 
Rodbard and others). 


A simple 
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Conference on Mechanism of Protective Action of 
Kidney and Relation of Renoprival to 
Chronic Renal Hypertension 


Led by E. Braun-MENENDEZ, M.D. 


R. BRAUN-MENENDEZ: According to 
the agenda for this conference, we will 
have to answer some very difficult questions. 
I think it would be convenient to say some- 
thing about what is meant by the ‘‘protec- 
tive action of the normal kidney.’’ The term 
was first coined by Dr. Fasciolo! who, while 
repeating Dr. Goldblatt’s experiments on 
renal hypertension, studied the effect of the 
removal of the intact kidney in dogs with a 
unilateral renal artery clamp. As you all 
know, after unilateral renal ischemia, the 
blood pressure goes up and remains high for 
only a few weeks, then it returns to normal. 
If the intact kidney is then removed, the 
blood pressure rises and stays high perma- 
nently. Evidently this normal kidney is do- 
ing something that brings the blood pressure 
back to normal levels and keeps it there. This 
is what Fasciolo called the ‘‘ protective action 
of the normal kidney.’’ 

Now what is this action? Pickering and 
Prinzmetal? working on the rabbit also ob- 
served that after putting a clamp on one of 
the renal arteries the blood pressure increase 
lasted only a couple of weeks. At this time 
the clamped kidney was reduced in size and 
the contralateral intact kidney was enlarged. 
This hypertrophied kidney had taken over 
the work that the ischemic kidney was unable 
to perform. If you then remove this hyper- 
trophied kidney the work demanded of the 
sole remaining atrophic and ischemic kidney 
increases enormously. The kidney cannot in- 
erease in size and function because it has a 
clamped artery and permanent hypertension 
results. The protective action of the normal 
kidney led us to the renotrophin hypothesis. 


According to it, the removal of both kidneys 
should cause hypertension. Many experi- 
ments, including those mentioned by Dr. Gold- 
blatt, showed that no hypertension developed 
in animals after removal of both kidneys. 
With von Euler,*® we experimented on nephrec- 
tomized rats, a good number of which were 
kept alive for 48 or even 60 hours. Hyperten- 
sion developed in about 30 per cent. We then 
thought that perhaps hypertension wasn’t 
present in the other 70 per cent because the 
urea was too high and the toxic effects of the 
removal of the kidney prevented the hyper- 
tension from developing. Some of our rats 
were treated by peritoneal dialysis which pro- 
longed their life for 1 to 2 days more and 
hypertension appeared very readily. This 
was the first demonstration of the production 
of renoprival hypertension. After that Dr. 
Grollman‘* developed his method of peritoneal 
dialysis and made an excellent study of reno- 
prival hypertension in the dog. Now, may I 
challenge Dr. Grollman’s statement that it is 
very unphysiologie and unbiological to load 
animals with salt and to give them other 
kinds of things? May I say that the removal 
of both kidneys is also unphysiologic? I have 
no great experience with the dog, but the 
nephrectomized rats I have seen are very mis- 
erable animals in spite of their acceptable ex- 
ternal appearance. They have hypertension, 
but on top of that they have many other 
things, so I don’t think this is real hyperten- 
sive disease as you see it in man. 

Let us return to the questions. Can the 
mechanism of renoprival hypertension be 
demonstrated? Well, it has been shown by 
Dr. Rondell that some constrictor substance 
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may appear in the blood of renoprival rats. 
Can you tell us something more about it, Dr. 
Rondell ? 

Dr. Ronvett: <A constrictor principle is 
demonstrable in the blood as we have obtained 
it. The best guess currently is that this is an 
artifact of the bleeding procedure and does 
not represent the circulating pressor material 
responsible for the hypertension. There needs 
to be clarification, of this, however. The tech- 
nics that we have used to conclude that the 
constrictor we observed is epinephrine are 
certainly not unequivocal. 

Dr. BRAUN-MENENDEZ: Could it be norepi- 
nephrine ? 

Dr. RondELL: Yes. Aortic contractions to 
norepinephrine are quite parallel to those of 
epinephrine, though we have not studied this 
drug so extensively. The responses of reno- 
prival rats injected with these materials are 
very comparable also; in vivo infusions of 
epinephrine and norepinephrine produce very 
similar responses at the same dosages. 

Dr. BrauN-MENENDEz: The first question 
continues ‘‘Do the following appear to be 
more or less likely as the cause of renoprival 
hypertension: A. Extrarenal sourees of 
‘renin’? B. Maldistribution of salt and 
water? C. Adrenal hormones? D. Pituitary 
hormones ?”’ 

What would you say, Dr. Grollman, about 
the maldistribution of salt and water? 

Dr. GroLLMAN: There is no question that 
a disequilibrium of salt and water will induce 
a change in the hemodynamics of the organism 
and that deviations from normal electrolyte 
and water metabolism occur in hypertension. 
I admit that nephrectomy is unphysiologic ; 
even putting a dog in a cage is unphysiologic, 
as is also putting a clamp on the artery. I 
still insist that overloading a rat with salt 
and water and observing a rise in blood 
pressure does not mean that you have induced 
hypertensive disease. Bilateral nephrectomy, 
on the other hand, does reproduce a condition 
comparable to that encountered in the accel- 
erated stage of human hypertension. One 
does not have to use complicated procedures 
to do so nor does one have to induce gross 
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changes in salt and water metabolism, and 
the animal looks as normal as the patient with 
essential hypertension. 

Dr. BrauN-MENENDEZ: What about the 
hematocrit level of these animals? 

Dr. GRoLLMAN: It is initially normal, but 
as in the human, renal failure ultimately 
results in marked anemia. 

Dr. Braun-MENENDEZ: Dr. Kolff, would 
you like to comment on that? 

Dr. Kotrr: Do not I recall a paper by Dr. 
Grollman® that overloading with saline and 
water makes no difference in the blood 
pressure ? 

Dr. GrouuMaNn: Yes, that is certainly true 
when the expansion of extracellular fluid 
volume is not too great. 

Dr. Kotrr: Why are you suddenly so upset 
now ? 

Dr. GrottMaAn: I am upset only by the 
consideration of obvious changes in blood 
pressure attributable to alterations in fluid 
volume as indicators of hypertensive disease. 

Dr. Kourr: I think we agree about that. 

Dr. HanpLeR: May I ask how the first in 
that series of questions actually read ? 

Dr. Braun-MENENDEZ: ‘‘Can the mecha- 
nism of renoprival hypertension be demon- 
strated and do the following causes appear 
to be more or less likely ?’’ 

Dr. HaNpLER: What I am wondering now 
is, is this merely the other side of the coin? 
Is lack of the protective action of the kidney, 
which we were just discussing, by definition 
renoprival hypertension? If so, I wonder 
if the right set of questions has been posed ? 

Dr. BrAuN-MENENDEZ: Well, the right 
question appears afterwards. What evidence 
supports the view that unilateral renal hyper- 
tension in the rat or human occurs via the 
renoprival mechanisms? Would vou like to 
comment on that? 

Dr. Hanpier: Well, I would prefer a 
different set of questions. If one puts any 
credence in these notions, then you have to 
say that a healthy kidney does something 
useful for the animal. You said this yourself 
earlier. Now we may ask what are the 
possible useful things that it might be doing 
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id list these. Simply as logical postulates, 
nrelated to anything one actually knows, 
ae might say that this healthy kidney re- 
‘ases a depressor material which has an 
ffsetting influence. There is, as I think Dr. 
‘odbard suggested, not only the possibility 
f renin coming from the bad kidney but 
nother pressor material coming from some- 
rhere else in the animal and if the healthy 
idney can somehow relieve the animal of 
hat burden, then this might also account for 
he protective influence. Finally, there is the 
ossibility of excretion of something un- 
I would then ask if any of these 3 
lave been tested adequately experimentally. 
| suggest that the answer is ‘‘no’’ for all 3. 

Dr. GROLLMAN: fourth factor 
which we must consider, namely that the kid- 


cnown. 


There is a 


ney produces some product such as has been 
demonstrated in extracts from the kidney. 
(ne can lower the blood pressure in the hyper- 
tensive animal by some of 


many methods, 


which may prove fatal; with these extracts 
blood pressure can be reduced for a long time 


with no obvious detrimental effects. 
Dr. BRAUN-MENENDEZ: It not be a 


substance secreted by the kidney, but some 


may 


kidney enzyme which reduces the concentra- 
tion of some special substance or affects some 
metabolie function. 

Dr. GrRoLLMAN: I do not think so, because 
enzymes would be ineffective when admin- 
istered orally. 

Dr. Hanpier: There is a word of caution 
which I would like to insert here. The prob- 
lem is whether or not the renin-hypertensin 
system exists, teleologically speaking, actually 
to regulate blood pressure. Any observed 
ction depends on where one stands and looks 
at it. 
with materials which 


The group assembled here is concerned 
affect blood 
simply because they do affect blood pressure. 


pressure, 


It is entirely possible, however, that this en- 
tire machinery exists biologically for some 
There is a series 
where the 
isolated for the 
As a simple case in point, 


other reason unknown to us. 
of ineidents in the 
‘rieht 


wrong reason.”’ 


literature 
material has been 


if we knew nothing about the mechanism of 
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muscular contraction and set out to isolate 


adenosinetriphosphatase from muscle, one 
might isolate myosin in huge quantities and 
call it ATPase, thinking one knows what it 
is there for, and completely miss the fact that 
it relates to the contractile process as such. 
Similarly, I wonder whether renin and its 
substrate, under normal circumstances, have 
anything whatsoever to do with blood pres- 
sure mechanisms and whether they do not 
exist for some quite other reason, granting the 
possibility that if this normal machinery were 
disturbed it might result in an unphysiologic 
elevation of blood pressure. 

Dr. BrauN-MENENDEz: I think that is a 
Now I would like 
to comment on an experiment that I think 
Dr. Grollman 


very important statement. 
has also made. If you leave 
one kidney in situ with its ureter connected 
with the vena cava, the blood pressure does 
not rise. Is this so? 

Dr. GRoLLMAN: Yes, in these experiments, 
one induces excretory failure but no rise in 
the blood pressure nor other concomitants of 
hypertensive disease. I think that is a eru- 
cial experiment. 

Dr. BrauN-MENENDEZ: That is a crucial 
experiment in that it shows that the kidney 
is doing something aside from its exeretory 
function which keeps the blood pressure 
normal. 

Dr. GRoLLMAN: Why say it is doing some- 
thing? Why not say it is essential for the 
maintenance of the normotensive state? 
There 
hear some comment from the audience. 

Dr. GoupsLatT: I would like to hear the 
If Dr. Grollman 
admits that the relief of the hypertension 
associated unilateral 
man or animal, can be explained only on the 
basis of the elimination of something which 


Dr. Braun-MENENDEZ: is time to 


answer to question no. 2. 


with renal disease, in 


was coming from the diseased kidney and 
which was elevating the blood pressure, then 
why bring in the renoprival theory? I de 
not follow the logic of such an argument. 
What evidence supports the view that hyper- 
tension associated with unilateral renal dis- 
ease is renoprival ? 
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Dr. GroutuMAN: In the first place, Dr. 
Goldblatt, removal of one kidney does not 
often induce hypertension. The animal species 
and conditions under which you work will 
determine how often you observe it. In the 
case of the dog, for example, I only recall 2 
instances where unilateral nephrectomy re- 
sulted in hypertension. In one dog worms 
had destroyed most of the other kidney, and 
in the second dog a stone had formed in the 
kidney. In the case of the rat, as shown by 
my colleague, Dr. Bela Halpert, who did this 
study with me some years ago, in every in- 
stanee where unilateral nephrectomy or 
application of a figure-eight ligature induced 
hypertension, disease of the other kidney was 
always demonstrable.® 

Dr. GotpBLatt: What you have just said 
about hypertension after unilateral nephrec- 
tomy is completely unrelated to my question. 
I did not mention the development of hyper- 
tension as a result of unilateral nephrectomy, 
and I do not believe that it ever occurs, if 
the other kidney is normal. I agree with you 
on that, but that does not answer my ques- 
tion. I am merely asking you to explain, on 
the basis of the renoprival theory, the return 
of the blood pressure to normal as a result 
of nephrectomy in an animal with hyperten- 
sion due to constriction of one main renal 
artery. 

Dr. GroLLMAN: One cannot. 

Dr. GotpBLATT: That is just what I wanted 
to hear you admit. 

Dr. GroLLMAN: But you will not get hyper- 
tension unless you reduce the blood flow 
markedly, will you Dr. Goldblatt? If you 
just clamp it slightly nothing happens. 

Dr. GotpBLatt: The constriction of the 
artery does not have to be as great as you 
imply, but it is certainly true that if it is 
very slight then it may prove inadequate to 
bring about an elevation of the blood pressure. 
Your statement, however, that tying off the 
artery or sudden complete obstruction also 
results in elevation of the blood pressure is 
completely erroneous. 

Dr. GRoLLMAN: You will not get hyperten- 
sion temporarily ? 


Dr. GotpsLatt: No, that is an error; but 
again we are getting away from the original 
question. I hope that you will agree that it 
the hypertension associated with unilatera)| 
renal disease or constriction of 1 main rena 
artery is cured by the removal of the affectec 
kidney then, since the removal of the kidney 
is even more renoprival, the blood pressur: 
should go up even more instead of down, as 
it does. 

Dr. BrauN-MENENDEZ: I think the only 
experiment that answers your question is th: 
one done in human twins. There you hav 
constricted kidneys causing hypertension and 
when a normal kidney was grafted the hyper- 
tension disappeared. But after a time the 
normal kidney did not function well and the 
blood pressure rose again. Something was 
happening to this normal kidney. It wasn’t 
able any more to neutralize the substance 
secreted by the diseased kidneys. On removal 
of the diseased kidneys the blood pressure 
then returned to normal. 

Dr. GotpBLatT: I have a very simple ex- 
planation for that, Dr. Braun-Menéndez. In 


the immediate postoperative period, and you 


must not forget that it is a considerable opera- 
tive procedure to transplant a kidney, he had 
some fall in blood pressure, but finally the 
2 diseased kidneys which were producing 
something that caused the elevated blood 
pressure, asserted themselves enough to cause 
again a rise in the blood pressure. 

Dr. BRauN-MENENDEZ: Wouldn’t you agree 
with me, Dr. Goldblatt, that a double nephrec- 
tomy was also a hard operation for a man of 
24 who already had a grafted kidney? 

Dr. GotpsLattT: I think a nephrectomy is 
not child’s play. 
hazards. 

Dr. Hanpuer: Dr. Goldblatt, what is your 
own explanation of the protective action of 
the normal kidney which was originally ob- 
served in your own experiment? What is 
your opinion of that? 

Dr. GoLtpBLatt: Do you mean the return 
of the blood pressure to normal in the dog 
with unilateral renal artery constriction 
when the other kidney is normal? 


I would say it has its 
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Dr. HANDLER: Yes, and when you remove 
the good kidney of a dog with a clamp on the 
other renal artery the pressure goes up again. 
This is your own observation, but what is 
your explanation? This is where the story 
of renoprival hypertension really starts. 

Dr. GotpsLatr: Originally, when we ob- 
served the development of considerable acces- 
sory circulation to the cortex through the 
capsule of the ischemic kidney, we thought 
that perhaps this collateral circulation was 
responsible, at least in part, for the fall of 
the blood pressure by lessening the ischemia. 
I have many illustrations of large vessels 
entering the cortex of the kidney. Such 
vessels could be effective in bringing blood 
to a kidney, the intrarenal vessels of which 
are normal, but which were not getting an 
adequate supply of blood. You must not 
forget that the kidneys of the dog are always 
normal before the operation. From the very 
beginning, however, I recognized that the 
contralateral normal kidney might play a part 
in the fall of the blood pressure in the dog 
with hypertension on the basis of unilateral 
constriction of the main renal artery, but I 
did not have then, and I do not have now, a 
satisfactory explanation of how the normal 
kidney accomplishes this. I have no better 
explanation for this than anyone else. In 
fact, all that we have heard so far is just 
pure supposition. 

Dr. Braun-MEeNnéNpDEzZ: Dr. Kolff, do you 
have a question? 

Dr. Kourr: Yes. I would like to hear Dr. 
Goldblatt explain why the blood pressure 
does not come down if you take out both 
kidneys of a chronic renal hypertensive 
animal, 

Dr. GotpBLaTT: That statement is not com- 
pletely true. It does come down definitely 
in some animals, in some it does not. In these 
circumstances the renoprival hypertension of 
Dr. Grollman probably develops, if the animal 
is kept alive by special treatment. I do not 
see in that an inconsistency or a stumbling 
block to the acceptance of the renal pressor 
mechanism as the cause of the hypertension 
when the renal arteries are constricted. The 


greatest stumbling block to the renoprival 
theory, on the contrary, is that when one 
clamps a renal artery just moderately, not 
necessarily severely, so that the blood pres- 
sure goes up, and at a time when it would 
still stay up, you take out the kidney, the 
blood pressure falls to normal. You will have 
to admit that the removal of the entire kidney 
certainly is more renoprival than the effect 
of mere constriction of the main renal artery 
and that, according to the renoprival theory, 
the blood pressure should go up, not down, 
as a result of the nephrectomy. 

Dr. GRoLLMAN: I will admit that a pressor 
agent is involved in this reaction. 

Dr. GoutpsLatr: That is all I wanted to 
hear you say. Why isn’t it also involved 
when you constrict both main renal arteries? 

Dr. GrottmMan: The time of the rise in 
blood pressure is important. It hasn’t been 
considered in much of the literature, but is 
crucial in our interpretation of the phenom- 
enon. 

Dr. GoLtpsLatt: What you have just said 
may well apply to the figure-eight method 
you use, but not to the constriction of the 
main renal artery. I can show you the charts 
of many animals in which constriction of the 
renal artery by means of the clamp resulted 
in an elevation of the blood pressure within 
24 to 48 hours, which gradually increased, 
it is true, and then persisted. What you have 
said, therefore, about your method may apply 
to hypertension in the rat, but it does not 
apply to the method of constriction of the 
artery in the dog by means of a clamp. By 
the figure-eight method you are evidently 
taking the long way around to produce the 
effect of the clamp, which is very prompt. 
Your method acts like the perinephritis 
method of Page who uses a silk or cellophane 
bag around the kidney. By this method also 
an animal may take weeks or months before 
showing a significant rise in blood pressure. 
I would say that by your method you depend 
on the formation of scar and produce renal 
ischemia in that way. For that reason the 
method is not as good as constriction of the 
renal artery. 
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Dr. GROLLMAN: Why not? You get just 
as good hypertension ! 

Dr. GoLtpBLaTT: Yes, that is probably true 
and the pathogenesis is probably the same, 
but it is not as immediate or as dependable, 
and it certainly does not simulate the patho- 
logic state of the kidney in human essential 
hypertension. 


Dr. BrauN-MENENDEZ: This same discus- 


sion has been going on for about 20 years. 


I believe Dr. Helmer would have something 
to say. 

Dr. Heimer: In chronic renal hypertension 
in dogs, if you ean develop a good antirenin 
titer, a lowering of blood pressure is obtained. 
How do you explain that? 

Dr. GrotuMan: Well, if you would feel 
better, I would even go so far as to admit that 
you ean have some renin for a long time... 

Dr. BRAUN-MENENDEZz: That’s right. 

Dr. Sancetta: I would like to pose a ques- 
tion to Dr. Kolff in regard to renoprival 
hypertension. One of the ‘‘Merrill’’ twins 
underwent a transient decrease in blood pres- 
sure following introduction of a donor kidney. 
It is common knowledge, and I think you 
will agree with this, that in many individuals 
with elevation of diastolic pressure general 
anesthesia followed by a major surgical pro- 
cedure will result postoperatively in lowered 
diastolic pressure for a number of weeks; 
but then a gradual rise occurs, even though 
the patient is kept inactive in bed. How 
ean you state that the lowering of blood pres- 
sure in the patient was not due to this simple 
nonspecifie effect rather than to any beneficial 
effect on the part of the normal donor kidney ? 

Dr. Kourr: So far we have not one trans- 
planted kidney in 1 pair of identical twins, 
but Dr. Merrill now has 3 similar events. I 
think that the answer to your question, 
whether this is due to a more specific effect, 
will come when you find us more twins. 

IT also have an answer to Dr. Helmer’s 
question. Antirenin does not seem to work 
if there is no renal tissue in the body. We 
showed, with the help of Dr. Wakerlin and 
Dr. Haas, that renoprival hypertension can- 
not be reduced or cured by the administration 


of adequate doses of antirenin.‘ Shipley 
made a very crucial experiment.’ He had a 
dog with chronie renal hypertension, gave it 
antirenin and then removed kidneys. The 
antirenin caused no alleviation of the hyper- 
tension. To develop its antihypertensive 
effect, this antirenin needs renal tissue in 
the body. 

Dr. Heimer: That is right, Dr. Shipley 
gave antirenin intravenously to a dog with 
chronie renal hypertension that had been 
bilaterally nephrectomized and got no lower- 
ing of pressure. The antirenin used was from 
human hypertensive subjects treated with hog 
kidney extracts. It had a high titer against 
dog renin. Wakerlin® has shown that anti- 
renin has lowered the blood pressure of such 
dogs by passive transfer and it was assumed 
this serum would behave similarly. The 
antiserum was given after the bilateral 
nephrectomy when the dog’s pressure was 
still at hypertensive levels. 
fall in pressure. 

Dr. GotpsuattT: I think that much which 
has been said during the past 5 minutes is 
completely non sequitur and has absolutely 
nothing to do with the problem under discus- 
sion. On what basis would anyone ever think 
that antirenin might cure 


nm 
There was no 


renoprival 
hypertension ? 

Dr. Konrr: You get renoprival hyperten- 
sion some time after you take the kidneys 
out. Dr. Shipley’s dog could not have had 
renoprival hypertension. It still had a Gold- 
blatt hypertension which could not be cured 
with antirenin in the absence of renal tissue. 
Renoprival hypertension never develops im- 
mediately but takes several days, but in the 
animals with renal hypertension the blood 
pressure remains high immediately after 
bilateral nephrectomy. The fact that the 
blood pressure is not reduced even for a few 
days after bilateral nephrectomy suggests that 
the underlying mechanism for renal and 
renoprival hypertension may be the same. 

Dr. Gouppuatr: The animal develops 
renoprival hypertension, for the kidneys are 
out, and the animal is being treated, so that 
the hypertension which was previously on 
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he basis of a humoral pressor mechanism, 
ue to constriction of both main renal arteries, 
as progressed into the other type (reno- 
rival) as a result of the bilateral nephree- 
omy. Perhaps the baroceptor mechanism 
lescribed by Dr. MeCubbin plays a part. 

Dr. Topran: There is one interesting thing 
n regard to the theory that renin can some- 
iow inhibit the antihypertensive mechanism 
if the kidney. It is in relation to observations 
m the renal transplantation in the twins. 
Che first twin had malignant renal hyper- 
ension; generally a patient with malignant 
liypertension who undergoes an operation of 
medium severity will have his malignant 
iypertension back in good measure within 2 
weeks. In those I have seen this usually 
turns out to be true. The hypertensive twin, 
however, had a drop of blood pressure of 2 
months’ duration following renal transplanta- 
tion. Renin should have been pouring from 
his diseased kidneys during this time and 
yet it was not sufficient to prevent the normal 
kidney from lowering the blood pressure 
during these 2 months. How can you recon- 
cile this with the renin inhibition theory ? 

Dr. GotpsLatrT: I think there is one error 
involved here. I have a letter from Dr. 
Merrill in regard to this. In the case of the 
twin with malignant hypertension the diag- 
nosis was glomerulonephritis. 

Dr. Tosian: Dr. Joseph Murray told me 
that papilledema was present, indicating a 
malignant phase in the hypertension. 

Dr. GoLpBLATT: Is papilledema an extra- 
rdinary occurrence in glomerulonephritis ? 

Dr. Kourr: He had diffuse chronic 
rlomerulonephritis, according to the report.!° 
le had pyelonephritis. He had long stand- 
ng hypertension, several years over 200 mm. 
Hg, and finally, he had signs of malignant 
iypertension and chronic renal insufficiency. 

Dr. Licuton : I understand that the 2 forms 
if hypertension are produced by different 
echnies, one of which involves abolition of 
‘xeretory function while the other ideally 
nvolves no disturbance of excretory function. 
In one form of hypertension the renin and 
intirenin mechanism is apparently clearly 
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implicated and in the other it is not. Dr. 
Grollman told us that in renoprival hyper- 
tension it is possible to have elevated blood 
pressure without changes in electrolytes, but 
in experimental renal hypertension electrolyte 
disturbances are known to occur. The ques- 
tion I would like to ask is this: Is there any 
real evidence to show that there is a relation- 
ship between renoprival hypertension and Dr. 
Goldblatt’s form of 
hypertension ? 

Dr. Kourr: Dr. Floyer!! has done some 
experiments which may help to answer your 
question. In normal rats the blood pressure 
does not begin to rise until 48 hours after 
total nephrectomy. In 


experimental renal 


unilateral renal 
hypertension removing the clip from the 
renal artery results in a fall in blood pressure 
within a few hours. Consequently, if the 2 
forms of hypertension had different mecha- 
nisms of action, one would expect removal 
of the sole remaining clipped kidney in a 
hypertensive rat to cause a fall in blood 
pressure for the first 48 hours before the 
renoprival mechanism took over and started 
the blood pressure going up again. Actually, 
Floyer found that the blood pressure did not 
fall to normal after removing the sole remain- 
ing clipped kidney, so he’ argued that the 
renoprival mechanism must have been already 
in effect in the renal hypertensive animal 
before the nephrectomy. 

Another argument used by Floyer to show 
the identity of the 2 types of hypertension 
is based on the following further experiment. 
In a group of hypertensive rats unclipping 
of the single remaining kidney was followed 
by a fall in blood pressure. A nephrectomy, 
done 3 days later, was followed by a more 
rapid rise than if the nephrectomy was de- 
layed 7 to 28 days after the unclipping. Thus, 
even after apparent cure of renal hyperten- 
sion in the unelipped rat, the ‘‘mechanism’’ 
was still operative for a time as shown by 
the more rapid rise in blood pressure follow- 
ing early total nephrectomy. 

Dr. Hetmer: As I remember it, Floyer 
was showing that in the course of hyperten- 
sion produced by renal artery constriction, 
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extrarenal factors are also operating—both 
renal and extrarenal mechanisms play a role. 
The extrarenal mechanism might be an elec- 
trolyte shift, as suggested by Tobian’s work.!” 

Dr. BrauN-MENENDEZ: What about Dr. 
MecCubbin’s work? 

Dr. Heimer: Dr. MeCubbin’s work on the 
earotid sinus may have an important bear- 
ing.’ In all probability there are more than 
2 factors. However, 1 of the factors is renin, 
as shown by the antirenin work in acute and 
chronie experimental hypertension in dogs. 

Dr. Hoosier: I would like to bring out 2 
points. The first is that with any kind of 
hypertension if you insert a kidney into the 
circulation you get a dramatic improvement, 
whether it be the renoprival hypertension of 
Dr. Grollman, or the unilateral renal hyper- 
tension of Dr. Goldblatt. This protective fune- 
tion is enormously important, whether it is 
primary with the kidney or acting secondarily 
on general vascular reactivity. The second 
point is that the renoprivalists seem to me 
to have 1 difficult problem to explain. It is 
posed by the experiments of Byrom and 
Dodson in which the unilaterally clamped 
kidney in the rat leads to permanent hyper- 
tension.14 I would like to know why this 
unilaterally clamped animal is more apt to 
become hypertensive than a _uninephrec- 
tomized rat. This seems to be a crucial 
question for those who believe that renal 
hypertension is caused by a_ renoprival 
mechanism. 

Dr. BrauNn-MENENDEz: I think that we 
ean conclude that renoprival hypertension is 
a different thing from renal hypertension. 
That is, when the kidney is constricted it 
is doing something; probably it is pouring 
out renin, as I think the antirenin experi- 
ments show very clearly. What is the pro- 
tective action of the normal kidney? We 
don’t really know. Probably the normal 
kidney can take over the work that the 
ischemic kidney is unable to do, thus relieving 
the latter from some stimulus which would 
otherwise cause it to secrete renin. Dr. 
Goldblatt says that in some of the experiments 
he could see some collateral circulation in his 


ischemic kidney. Are you quite positive, Dr 
Goldblatt, that in all of the experiments thi: 
was the cause of the fall in blood pressure 

Dr. GoupsLatt: Dr. Braun-Menénde: 
knows that I was thinking of the possibk 
part played by the normal kidney very earl; 
in our investigations. I can show you tha 
even before we published about the successfu 
production of hypertension I was already 
transplanting normal kidneys, or trying to 
to the neck and the groin with the idea 0} 
relieving the hypertension. I was thinking 
even of the possible effect of giving norma 
kidneys to human beings with hypertensior 
and bilateral disease. It was the obviou: 
thing to think of, so I expect no special credit 
for it. The fact that I cannot explain how 
the normal kidney acts, any more than you 
ean, does not have any direct bearing upon 
the fact that the kidney with its main renal 
artery constricted is the cause of the hyper- 
tension probably because it is the source of 
a pressor substance which causes the elevation 
of the blood pressure. 

Dr. BrauN-MENENDEZz: I think that is a 
very good conclusion. The normal kidney 
acts; we do not know how. 


SUMMARY 


This conference opened with an elaboration 
of the concept of the protective action of the 
normal kidney (Dr. Braun-Menéndez). After 
initiation of unilateral renal ischemia, the 
elevated blood pressure is reduced as the 
intact normal kidney hypertrophies to take 
over the work of the ischemic kidney. Removal 
of this intact kidney causes hypertension 
because the ischemic kidney cannot increase 
in size or function. As the protective action 
of the kidney is also lacking following bilat- 
eral nephrectomy, renoprival hypertension 
develops, providing the animals are kept alive 
long enough. 

The cause of renoprival hypertension re- 
mains obscure. Gross changes in salt and 
water metabolism do not have to be present 
(Dr. Grollman). The normal kidney may 
produce some material which lowers the blood 
pressure, or it may destroy or excrete a 
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ressor substance (Dr. Handler). Excretory 
emoval is not so likely as a cause, since the 
‘roduction of simple excretory failure by 
liverting urine back into the blood stream 
loes not result in hypertension (Dr. Groll- 
nan). According to some participants, reno- 
rival and chronic renal hypertension are 
iot identical: Removal of a_ unilateral 
schemic kidney causes the blood pressure to 
‘eturn to normal. This does not fit with the 
‘enoprival hypertension theory and is evi- 
lence that a pressor agent must be involved 
Dr. Goldblatt). A further difference is that 
whereas antirenin lowers the blood pressure 
in chronic renal hypertension, it will not 
iower the blood pressure in renoprival hyper- 
tension (Dr. Helmer). Dr. Kolff, however 
‘ites reports, such as that of the failure of 
bilateral nephrectomy to cure renal hyper- 
tension, which favor the view that the mech- 
anism of production is the same in both forms 
of hypertension. Both groups finally agreed 


that some eases of renal and of renoprival 
hypertension could not be explained by 


assuming a single mechanism of action. 
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Panel Discussion on Genetic and Environmental Factors 
in Human Hypertension 


By \W. G. Kouustrarpt, M.D., M. 
J. NEEL, M.D., 


R. KOHLSTAEDT: The subject as- 
signed to us is highly controversial and 
before the evening is over we will, I hope, have 
aroused a considerable amount of discussion. 
I am basing this on some of the opinions that 
were expressed during the mecting today. 
Our discussion is to be on genetic and en- 
vironmental factors in human hypertension. 
We are going to become involved in a con- 
troversial subject because we can’t disen- 
tangle the genetic side from the environmen- 
tal side of our problem. I think that for 
many years we have recognized that there is 
a familial pattern in the incidence of high 
blood pressure. Any lay person will tell 
you high blood pressure runs in the family. 
This may be firmly established, but the gen- 
etic certainly is not differentiated from the 
environmental contribution. 

We will begin with one factor which was 
brought out in the course of the discussion 
today in one of Dr. Goldblatt’s comments. 
He called attention to the frequency of hyper- 
tension and its importance in Negroes in the 
Virgin Islands. I think it is pretty well ree- 
ognized that hypertension is also more fre- 
quent in the Negro in the United States. Back 
in 1929 there was an article in the Lancet by 
Donnison who had studied some of the East 
Africans.!_ He reported that in this Negro 
group the blood pressure was lower than in 
European whites. Not only was it lower, but 
instead of increasing with age, it decreased. 
One member of our panel has in recent months 
had a very interesting experience with hyper- 
tension in Negroes in some of the islands in 
the West Indies and so we will begin our dis- 
cussion by calling on Dr. Moser. 

Dr. Moser: There have been several 


Moser, M.D., T. Francis, Jr., M.D., 
‘ND F. Moore, A.B. 


studies conducted during the past 20 years 
that have attempted to establish the fact that 
certain races do or do not have more hyperten- 
sion than we have here in the United States. 
One of the studies mentioned was done by 
Donnison in East Africa, and there have been 
other investigations in Africa, mostly on the 
east coast or the southern part of the conti- 
nent. These have all indicated that the in- 
eidence of hypertension is very low and that 
there does not appear to be an increase of 
blood pressure in older individuals.2 Data 
also indicate that in some areas blood pres- 
sure rises as the level of civilization rises or 
as the natives become ‘‘urbanized.’** The 
comparison has been drawn between the Afri- 
can native and the American Negro. As you 
know, it apparently has been demonstrated 
that the American Negro has a higher blood 
pressure than the white person living in the 
same area.t From these comparative studies 
it has been concluded that since the American 
Negro has higher blood pressure than his an- 
cestors, some factor must be operating to pro- 
duee hypertension. The easiest thing to say 
is, of course, that the American Negro has 
been put under some stress to which his more 
primitive ancestors were not subjected. Be- 
fore these apparent differences are accepted, 
it must be remembered that the American Ne- 
gro and the Negroes living in the West Indies 
came from the West Coast of Africa and are 
not closely related to the East Africans upon 
whom the above conclusions are based. There 
are very few studies that I know of that have 
been done in Western Africa. It may very 
well be that results in this area will be iden- 
tical to those from other portions of Africa, 
but we must await them before drawing any 
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definite conclusions. I think there are fac- 
tors ‘‘other than stress’’ that must be consid- 
ered in view of other work that has been done 
during the past 15 years. 

Several attempts to study the problem have 
been made in other parts of the world. 
Studies in the islands off Panama have shown 
that among primitive tribes the blood pres- 
sure is lower in both sexes and in all age 
groups than in comparable age groups in the 
United States, both white and Negro.’ An- 
other interesting study was done in Panama 
where blood pressures in native Panamanians 
were compared with those obtained in a group 
of West Indians who had come over to work 
on the canal and who were living under simi- 
lar economic and social cireumstances.® This 
work revealed a significant difference between 
the Panamanians and the West Indians. The 
West Indians had hypertension 7 times more 
frequently than the Panamanians in the older 
age groups and 16 times more often in the 
younger age groups. This is a rather signi- 
ficant finding. Taylor, who did the study, an- 
alyzed pathologic data and found* that the 
incidence of pyelonephritis and other renal 
disease in the West Indians was very high as 
compared to the Panamanians and whites in 
the same area. Arteriolar nephrosclerosis also 
was much more frequent in a ratio of 7:1, 
West Indians to Panamanians. He concluded 
that the high incidence of hypertension in the 
West Indians was most probably secondary 
to the inereased renal disease in these indi- 
viduals. From the discussions today this may 
be the correct conclusion, but we must also 
think about it in other terms. It is possible 
that the West Indians had more hypertension 
for other reasons and consequently had more 
secondary arteriolar nephrosclerosis. This is 
a question I don’t believe anyone can answer 
definitely at this time. The one outstanding 
fact is that the West Indian people have a 
great deal of hypertensive cardiovascular dis- 
ease. This suggests that there has been a 
change, either dietary, psychic, renal or un- 
known in these people since they left Africa 
many years ago to account for the outstand- 
ing difference in the incidence of this disease 
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in the West Indians as compared to the in- 
cidence among their ancestors in Africa (as- 
suming that studies will reveal little or no 
hypertension in West Africa). 

It has been known for many years in Ja- 
maica and in Nassau in the British West Indies 
that there is a great deal of hypertension. 
Almost everyone on the Islands has a relative 
that has ‘‘the high blood,’’ died of hyperten- 
sion, or has had a ‘‘stroke.’’ On the basis of 
these impressions and with the help of many 
practicing physicians in Nassau we attempted 
to set up a preliminary study in an effort to 
establish the incidence of hypertension on the 
Islands, to determine whether or not it existed 
throughout all age groups and finally, if pos- 
sible, to discover some lead concerning the 
etiology of the disease.* 

I hesitate to report our results in view of 
their very preliminary nature, but perhaps 
the data we have may be of some interest. 
There had been an attempt to study this prob- 
lem in the Bahamas several years ago by 
Humphries‘ who collected data on approxi- 
mately 400 natives both on New Providence, 
the major island of the Bahamas, and on the 
smaller out-islands. The information from 
this small group revealed that 40 per cent of 
all the natives on Nassau’ had systolic blood 
pressures of over 150 mm. He regardless of 
age. On the out-islands 60 per cent of the 
natives had hypertension as defined by this 
systolic blood pressure level. 

In our study we utilized a questionnaire 
which included name, age, race, family his- 
tory, body configuration, number of preg- 
nancies, other diseases and occupation. These 
were distributed to 5 groups of physicians and 
in this way we hoped to get representatives 
of different patient groups. Casual blood 
pressures were taken utilizing the disappear- 
ance of sound as the diastolic reading. Pris- 
oners who were under constant observation, 


*Dr. Mureott, Chief Medical Officer in Nassau, 
the Bahamas and Drs. Lorenz, Adderly, Erdley, 
Esfakas and others assisted in this study. Dr. 
Maleolm Hale, resident physician at the Princess 
Margaret Hospital in Nassau was particularly help- 
ful in collecting the data ineluded in this report. 
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Fig. 1 Top. Percentage of systolic blood pressures 
over 150 mm. Hg. 


Fig. 2 Middle. Percentage of diastolie blood pres- 
sures over 100 mm. Hg. 


Fic. 3 Bottom. Systolic blood pressures of various 
populations. 


laborers who received physical examinations 
before being sent to the United States, a 
group of consecutive patients in a private 
physician’s office and a group of inpatients 
and outpatients of the Princess Margaret Hos- 
pital in Nassau comprised the individuals 
studied. In this way a broad sampling of the 
population was obtained. 

Figure 1 shows the percentage of patients 
in our study who had blood pressures over 
150 mm. Hg. This and subsequent figures 
are based upon results in approximately 1,000 
cases, a number admittedly too small to ar- 
rive at definite conclusions but enough to sug- 
gest some trends. Certainly, we do not pre- 
sent these figures as statistically significant. 
As ean be seen, a large percentage of West 
Indians have high systolic pressures when 
compared to Master’s statistics on white peo- 
ple in the United States... Over 50 per cent 
of the West Indians over the age of 39 years 
actually had systolic hypertension by our usu- 
ally accepted criteria. Admittedly, the fae- 
tor of anxiety at the time the readings were 
taken enters into a consideration of these 
figures. A more important criterion of hy- 
pertension is, of course, the diastolic blood 
pressure. Figure 2 compares the percentage 
of individuals in our series who had diastolic 
blood pressures of 100 mm. Hg or more with 
those in Master’s series. For example, from 
age 30 to 35 more than 20 per cent of the 
males and approximately 30 per cent of the 
females in the Bahamas had diastolie pres- 
sures over 100. In the older ages 50 per cent 
of the females and 25 to 40 per cent of the 
males showed similar findings. Some age 
groups were omitted from the figures in the 
3ahama studies because of insufficient num- 
bers in that particular age grouping. 

Figure 3 compares our study to that of 
Saunders in the Virgin Islands® and that of 
Master in the United States. It is to be ob- 
served that blood pressures in the Saunders’ 
study are quite similar to ours with the ex- 
ception that in the younger age groups blood 
pressures appear to be higher in the Bahami- 
ans. If we compare blood pressure figures 
obtained on the American Negro we would 
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find that they fall somewhere in between 
Master’s figures and the other 2 studies, but 
do not approach the high levels noted in the 
Bahamians at any age or sex. From these pre- 
liminary data we certainly have not estab- 
lished the true incidence of high blood pres- 
sure in the Bahamians, but it is, I believe, sig- 
nificant that 30 to 40 per cent of all people 
over the age of 40 had what we would con- 
sider diastolic hypertension (over 100 mm. 
Hg). If we take above 90 mm. as an accept- 
able criterion for diastolic hypertension, we 
would note in the age groups over 40 that 
this condition is present in 60 to 70 per cent 
of these people. I believe that this group of 
individuals presents a challenge since it ap- 
pears that the incidence of hypertension is 
higher here than in most parts of the world. 

A visit to the hospital wards in Nassau, 
definitely confirms the impression that cere- 
bral vascular accidents are extremely common, 
that malignant hypertension is not uncom- 
mon, and that the death rate from hyperten- 
sion is very high. We attempted to perform 
urine examinations on all of the patients 
whose blood pressures were taken, but in this 
we were not particularly successful, even in 
hospitalized patients. In the few specimens 
that were examined, and especially in a group 
with systolic pressures over 180, albuminuria 
was very rare. Microscopic examinations 
were unsatisfactory, so that at this time we 
are unable to draw any conclusions regarding 
the renal status of these patients. 

The most interesting finding of the entire 
study to date, and one that may have some 
bearing upon the reasons for the apparently 
large percentage of individuals with hyper- 
tension in the Bahamas, has to do with their 
salt intake. An analysis of the water supply 
in Nassau and several of the outer island 
groups revealed that the well water was sig- 
nificantly high in its sodium content. In New 
York City and Detroit, for example, the av- 
erage quantity of sodium in the water is .3 
mg. per 100 ml. In the hospital water in 
Nassau the amount is 129 mg. per 100 ml., 
and on Eleuthera, one of the other islands, 
it is 210 mg. of sodium per 100 ml. If you 


assume that people consume between 2 and 
2.5 L. of water in their food and drink daily, 
the Bahamians have an intake of 3.5 to 5.5 
Gm. of sodium per day in water alone. If 
you put this in terms of sodium chloride in- 
take it means approximately 7 to 10 Gm. of 
sodium chloride per day, exclusive of the 
quantities of salt in the food. In a standard 
publication on drinking water there is only 
one city listed in the United States where 
the sodium content of the water approaches 
that of any well water in the Bahamas!® and 
this water is listed as unpalatable for drink- 
ing. It is of interest that the Bahamians drink 
a great deal of water because of a constant 
thirst. Sodium excretion studies done to date 
have been limited, but suggest an average 
excretion of 12 Gm. or more of sodium chlo- 
ride daily. This is something that we plan 
to study in some detail. It may have absolutely 
no bearing on the fact that these people have 
hypertension, but it may provide some lead 
to the etiology. 

One last comment about the diet; we have 
been unable to carry out a careful study of 
average diets, but some facts are worth men- 
tioning. The native diet is very high in ear- 
bohydrates (grits, rice and peas) and almost 
everything is fried in salt pork oil. It is of 
interest to note that a pound of salt pork has 
8.1 Gm. of sodium. On the basis of this we 
would expect that our further studies will 
show these people to be ingesting a very high 
quantity of sodium chloride and I feel that 
this group of people should certainly be sub- 
mitted to a continuing, careful study. We 
plan to pursue the investigation of blood 
pressures, diet and renal abnormalities during 
the next few years and hope that we may 
have an answer to this very interesting prob- 
lem of West Indian hypertension in the not 
too distant future. 

Dr. KonustaEept: Thank you very much, 
Dr. Moser. In this study we have become in- 
volved in the problem of susceptibility to dis- 
ease. We have as a panelist this evening a 
man who is an expert in the field of epidemi- 
ology, particularly with relation to infectious 
disease. 
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Dr. Francis: In a 1951 summary of the 
published studies of the occurrence of hyper- 
tension in this country and elsewhere, Mor- 
sell!! stated that none of the studies reviewed 
was based on a scientific sample of the coun- 
try as a whole or any subdivision of it. In 
a large proportion of instances the blood pres- 
sure readings are those of very special aggre- 
gations which cannot be deemed representa- 
tive of anything but themselves. Moreover, 
they constitute primarily surveys which at 
most could give some idea of the prevalence of 
hypertension in the groups. Because of the 
varying procedures and criteria for diagnosis 
of what was termed hypertension these data 
cannot be cumulated to gain an approxima- 
tion of the country-wide experience. There 
is no meeting ground between the studies. 
One time surveys of this nature provide little 
information as to the incidence of the dis- 
order, the rate of development, or the natural 
history and course. 

This is not to say that the studies to date 
have been of no value, for they have given 
rise to a number of impressions or suggestive 
relationships, some of which approach a level 
of acceptability. These relate to the distribu- 
tion of hypertension by age, sex and certain 
racial or cultural characteristics. As has been 
pointed out, the evidence of familial aggre- 
gation has also been gaining in credibility. 

The epidemiologic method can be used to 
approach many different phases of the prob- 
lem. A first desire is to obtain adequate iden- 
tification of those who develop the disease and 
their selective group characteristics by age, 
sex, race, occupation, socioeconomic, genetic 
and constitutional status, and way of life. 
If there are groupings which distinguish these 
persons from others of a representative popu- 
lation, that information can direct attention 
to other individuals of similar characteristics 
who do not show overt evidence of the dis- 
turbance but who may be in the preparatory 
stage. In brief, the purpose is to define 
groups of special incidence, hence suscepti- 
bility, in which investigations as to causative 
factors can be concentrated. It would be wise 
to record the blood pressures and to follow 


the course of all levels of subjects rather than 
seeking in advance a specific cut-off point 
labeled as abnormal. 

From the general discussions of the prob- 
lem, it is apparent that essential hyperten- 
sion is considered a progressive biological dis- 


turbance. One can consider the working hy- 


pothesis that it originates in one basie defect, 
whether that defect derives from a single 
cause or whether it is a disorder which can be 
set in process by a variety of injuries. Let’s 
assume that something serves as a starter and 
subsequently the difficulty is aggravated or 
actually perpetuated by other and varied in- 
sults. There exist then a number of points 
at which the progress of the disease may be 
interrupted. Epidemiologic investigations 
can study the factors involved in any part of 
With the major 
interest in approaches to prevention, it is ap- 


the development process. 


parent that, after establishing a sound foun- 
dation as to the occurrence of disease, epi- 
demiology should concentrate on pushing in- 
vestigation further toward the origins of the 
disorder in the search for correlations which 
might disclose causative influences in the com- 
munity and in the way of life. This requires 
extended, detailed, and continuous applica- 
tion of what Osler called ‘‘that most difficult 
of all the arts, the art of observation.’’ It 
means continued surveillance of the popula- 
tion to record the progression of changes from 
apparent normaley, through the benign, the 
accelerated and terminal steps, unless they 
can somehow be averted. 

If exposures, habits, or familial relation- 
ships are found which are highly and selee- 
tively correlated with incidence, the possibili- 
ty exists that these harmful influences can be 
intercepted or dissipated, even though their 
mode of action is not known; in the meantime 
their nature can be carefully investigated. 
Moreover, group variations may point to mul- 
tiple, primary, or precipitating causes exhib- 
ited by collections of cases in different age, 
social, or occupational groups. 

These prolonged observations are difficult. 
What leads are there then through which to 
search for observable susceptibles? The re- 
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orts from the Bahamas by Dr. Moser suggest 
hat in this population the entire process is 
ing telescoped into a short span which is 
ery inviting for investigation of susceptibles 
nd the causative influences in that situation. 
“he familial aggregations need immediate at- 
ention to establish their nature, if genetic or 
f related to common exposures by a family 
rroup. It would be interesting to know how 
ige distribution in multiple families is re- 
ated to known toxic exposures such as strep- 
ococeal infections or common relationships in 
vehavior, habits, harmful social exposures. In 
his search for susceptibles a need is quite 
ipparent for new methods for detecting the 
susceptible. There are indications that if one 
‘onsiders possibilities, like the cold-pressor 
test in which Hines has been interested,! it 
may be possible to devise tests which will pro- 
vide a basis for finding susceptibles or hyper- 
reactors, the subclinical cases who will become 
hypertensive. For these purposes and this 
outlook a different orientation in research is 
needed. The urge here is to avoid. fixation 
upon end results and to move toward knowl- 
edge of origin and preventive outlook. 

In the course of these studies knowledge 
may be acquired which will clarify the alter- 
native questions posed by Goldring: (1) 
Does vascular (arteriolar) disease precede 
and account for the elevated blood pressure, 
or (2) is vascular disease a direct consequence 
of inereased blood pressure, or (3) are vascu- 
lar disease and elevated blood pressure unre- 
lated, and merely concomitant expressions of 
a common cause? The epidemiologic studies 
should comprise a representative population 
or sample, concentrating upon recording of 
pressures without commitment to arbitrary 
diagnosis and then observe them to see what 
happens over a period of time by continued 
surveillance. 

One of the defects of Pickering’s considera- 
tions!#: 5 is that it constitutes a survey of 
conditions at a moment in time without in- 
formation as to how these situations would 
change, or what the progress is in persons 
with different levels of pressure. Study of 
group behaviors and characteristics may also 


give valuable indications as to multiple 
etiologies. 

This conference might well be a starting 
point for an advisory group to offer its serv- 
ices in the planning and conduct of epidemi- 
ologic studies so as to obtain the greatest 
amount of valid information from the under- 
takings. 

Dr. KoHuistaept: We have mentioned the 
role of heredity and Dr. Neel is our geneticist. 
Would you care to comment on the place of 
inheritance and what help a geneticist can 
contribute to this problem 

Dr. Nret: The question of the role of 
heredity in hypertension is sufficiently con- 
troversial that there are certain preliminary 
points I am anxious to bring to your attention 
before attempting to contribute to any specific 
questions to which the panel might be asked 
to address itself. 

To begin with, it must be pointed out that 
from the standpoint of the geneticist hyper- 
tension is a somewhat messy trait to work 
with. Three difficulties are outstanding. 
First, the papers of Hamilton, Pickering, 
Fraser-Roberts and Sowry':! have recently 
emphasized that blood pressure is a contin- 
uously distributed variable. The point at 
which we draw a line and say ‘‘this is hyper- 
tension’’ is entirely arbitrary. With respect 
to another continuously distributed variable, 
stature, we would scarcely consider classifying 
all individuals as ‘‘tall’’ and ‘‘not tall,’’ and 
yet that is exactly what most genetic studies 
in the field of hypertension have in effect 
done. The geneticist is at his best when he 
is working with a clearly defined and discon- 
tinuous trait, such as albinism or phenylke- 
tonuria. Continuously distributed traits, on 
the other hand, present analytic problems 
difficult to meet even in experimental mate- 
rial. Second, there is the lability of blood 
pressure. Students of the geneties of body 
stature are not confronted with the spectacle 
of their subjects suddenly shooting up 3 
inches or shrinking 2 as they approach with 
anthropometer in hand. This lability of the 
blood pressure cannot help but complicate 


genetic studies. Finally, there is the faet 
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that the mechanisms which regulate blood 
pressure levels are still poorly understood. 
All studies on heredity in hypertension try 
to exclude from the series individuals with 
hypertension for such organic reasons as 
chronie pyelonephritis or polycystic kidney. 
But at a time when we recognize that such 
apparently ‘‘clean’’ entities as cystinuria or 
diabetes insipidus or ovalocytosis are actually 
genetically heterogenous, it takes a brave man 
to maintain that the entity termed essential 
hypertension is not etiologically heterogenous. 
Indeed, this is the clear implication of the 
concept of blood pressure as a continuously 
distributed variable. 

In general, I subscribe to the point of view 
developed by Pickering and his collaborators 
regarding the etiology of hypertension—that 
it is the end result of the interaction of cer- 
tain essentially unknown environmental vari- 
ables and a genetic predisposition, the latter 
determined by multiple genes.14 How- 
ever, for a variety of reasons, I am not satis- 
fied that their studies provide us with a valid 
estimate of the relative contributions of the 
two components and, even if they did, the 
findings on an English population could not 
be automatically transferred to other popula- 
tions. The problem of hypertension being 
what it is, it is a matter of some practical 
importance to identify both these genetic and 
environmental components as soon as_ pos- 
sible; herein lies the only approach to that 
understanding of the disease which must 
precede rational therapy. Our tranquilizers, 
our ganglionic blocking agents, our sympa- 
thectomies, are all admissions of defeat in 
that failing to adjust the carburetor because 
we do not understand its workings, we now 
put a little sand in the fuel line to eut down 
on the flow of gasoline to the carburetor. 

There is reason to suspect that the fre- 
quency of hypertension, however arbitrarily 
defined, is increasing. There is something 
about the avalanche of progress, dietary 
change and so forth with which our culture 
is confronted that brings out the hypertensive 
in us. But we of the United States and 
Europe have been making biological adjust- 


ments to our changing culture for centuries 
and, so to speak, may have developed a rela- 
tive immunity to environmental ‘‘hyperten 
sinogens.’" In my opinion, the big break 
through in our understanding of hypertension 
will come from the study of societies where 
a rapid transition from stone age to atomic 
age culture is in progress. Here, if ever, is 
the chance to isolate and identify the geneti: 
and environmental precipitants of hyperten- 
sion to which we of the western world have 
already made a partial adjustment which may 
tend to obscure the basic mechanisms involved. 

A single example which tends to comple- 
ment Doctor Moser’s presentation will suffice. 
In a visit to the Gold Coast several years ago 
I had the privilege of making rounds with the 
chief of medicine of the large governmental 
hospital in Accra. His service was divided 
into two subservices, one accommodating the 
African of some education employed by the 
government or in business, the other designed 
for the African relatively fresh from the bush 
and working in the city, usually as unskilled 
labor. I was told that among admissions to 
the ward for the acculturated, hypertension 
and its complications was one of the very 
serious problems, while the same entity was 
seldom if ever seen on the adjacent ward. My 
informant fully recognized the need for the 
objective verification of this clinical impres- 
sion. We are all familiar with the evidence 
to the effect that hypertension is more fre- 
quent and more severe in the American Negro 
than in the American Caucasian. The Afri- 
ean will be forced to telescope into a brief 
period biological adjustments which have ex- 
tended over centuries in the western world. 
In my opinion, here and under similar condi- 
tions in other parts of the world, lie the best 
opportunities for defining both the environ- 
mental and genetic components of hyperten- 
sion. 

Dr. Konustarpt: Mr. Moore has been in- 
volved in reviewing data and statistics for 
some time in his present position at the Na- 
tional Heart Institute. Mr. Moore, I think 
you told me that you had a chance to look at 
some of the data that has been under discus- 
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ion, particularly with relation to Dr. Pick- 
ring’s concept of the distribution of, shall 

say blood pressure. rather than hyperten- 
ion, in a population. Will you give us some 
deas regarding this problem? 

Mr. Moore: I am sometimes of the opinion 
hat clinical researchers have much the same 
aith in the magic of statistics that we laymen 
ave in the magic of clinical medicine. This 
s particularly impressed upon me when I 
ee some of the large-scale surveys of blood 
yressure and the deductions that are made 
‘rom the curves that come out of these studies. 

Three large population surveys of blood 
pressure have been reported in recent years. 
First, there is the study by Master and his 
‘olleagues, published in 1950,8 but based on 
blood pressure records taken among job ap- 
plicants during World War II. Those job 
applicants presumably were ambulatory and 
some medical examiner took a blood pressure 
or several blood pressures, and recorded one 
of them on an entrance physical examination 
form. It is difficult to ascertain what blood 
pressure was recorded, but 50,000 or more 
were assembled and some 15,000 of them went 
into Master’s studies. The second study, by 
Pickering and his colleagues,’ was based 
upon a population of patients who attended a 
number of hospital clinies of various types ex- 
eluding, however, those associated with the 
care of hypertensive diseases. The third and 
most recent study is by Bge and colleagues 
in Bergen, Norway.'® This was based on a 
community survey in which approximately 
96 per cent of the population had blood pres- 
sure readings taken under fairly standard- 
ized conditions. I will also refer to a study 
which my colleagues in the National Heart 
Institute have been conducting since 1946 in 
the town of Framingham, Mass.'* There we 
have had under study a large sample of the 
adult population of the town, numbering ap- 
proximately 5,000 men and women in the ages 
30 through 59. All of these studies, even 
though not all of them are based on the same 
sampling principles, yield curves of distribu- 
tion of blood pressures which have many sin.- 
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Fig. 4. Systolic blood pressures of men aged 30-39 
and 50-59 in Framingham study. 
pressure in mm. Hg. 


Abscissa, blood 


ilarities although conclusions about mean 
blood pressures differ. 

There are 3 facts important in terms of the 
kinds of deductions made from curves of pop- 
ulation blood pressure, some of which have 
been referred to by the preceding speakers. 
The first is that the distributions of systolic 
and diastolic blood pressures in an adult pop- 
ulation are continuous ones, and this conti- 
nuity is found in each age and sex group. By 
continuous I mean that if the percentage of 
the population is plotted against blood pres- 
sure level from low to high, either systolic or 
diastolic, there are no clean breaks in the 
eurve. Secondly, there are obvious sex dif- 
ferences, with pressures for females being low- 
er than for males in the thirties, about the 
same in the forties, and considerably higher 
at later ages. Finally, there is a tendency for 
these frequency distribution curves, for either 
sex, to become flatter and to shift to the right 
as older age groups are plotted (fig. 4). In 
statistical terms we say that these curves at 
older ages are skewed to the right—they have 
a humping on the right side of the curve. The 
eurve of blood pressures for a group of men 
in their thirties is approximately statistically 
normal; it is symmetrical, bell-shaped, and 
has certain specifiable mathematical charac- 
teristics. At later ages the curve for systolic 
blood pressures can be made normal by apply- 
ing a logarithmic transformation. The statis- 
tical normality of the distribution of blood 
pressures among men in their thirties and the 
skewing of the distribution to the right among 
men in their fifties is well illustrated in figure 
4, based on unpublished data from the Fram- 
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ingham study. These features are not gen- 
erally true for diastolic pressure and this fact 
may, in itself, be of importance. 

The type of normality which the statistician 
refers to has nothing whatever to do with 
biological normality, and I feel that one has 
no right to make any inferences about the 


biological normality or non-normality of a 


blood pressure observed at any point on the 
scale from purely statistical considerations. 
It is my feeling that the position which has 
been taken by Master and his associates,® that 
some point on the curve of blood pressures 
can be marked down and the population above 
that point be termed abnormal or hyperten- 
sive, is not defensible on any purely statistical 
grounds, even though this point is defined in 
terms of standard deviations from the mean. 
Only if there is some concept of assessing the 
group above a certain level in terms of some 
biological characteristic independent of the 
blood pressure or, alternatively, if data are 
available from a longitudinal study which 
permits follow-up of the population to find out 
whether something different happens to the 
group of persons who are at the upper end of 
the curve over some period of time succeeding 
the original measurement, is it permissible to 
set any particular level of blood pressure as 
abnormal or to call any group in the popula- 
tion above that level abnormal. 

The continuity of the blood pressure curve 
suggests that it is, in faet, probably impos- 
sible on any grounds to find any single eut- 
ting point on the curve which clearly dis- 
tinguishes one class of people as different 
from all the people on the other side of that 
point. I assume that this is what Pickering 
means when he says that hypertension is a 
quantitatively and not qualitatively distrib- 
uted variable; that blood pressures have an 
even distribution throughout the population 
and that there is in fact no point at which 
you can distinguish between a ‘‘hyperten- 
sive’’ and a ‘‘nonhypertensive’’ group. This 
suggests that any survey at a single point in 
time does not permit one to learn about the 
consequences of ‘‘high blood pressure’’ for a 
population. One must have longitudinal sur- 


veys. This is, as a matter of fact, what the 
National Heart Institute is attempting to do 
in the Framingham study where we have a 
large group of people, a sample from the total 
population including persons at all levels of 
blood pressure, who are returning to the clinic 
for examination every 2 years. 

There are some problems of method, men- 
tioned by Dr. Neel, which I would like to dis- 
cuss for a moment from the statistical point 
of view. Generally speaking, for the purpose 
of characterizing a total population and for 
the purpose of establishing differences be- 
tween two population groups, a single deter- 
mination of systolic and diastolic blood pres- 
sure taken under standard conditions will be 
sufficient. With sufficiently large numbers, 
the mean, standard deviation and general 
shape of the curve can be established with a 
high degree of reliability. The surveys which 
yield the curves which I have described have 
all been based on a single, casual blood pres- 
sure. For the purposes of studies of that 
type, I think the use of casual blood pressures 
is in fact advisable—superior either to the 
use of a so-called basal blood pressure, or al- 
lowing the investigator to characterize an in- 
dividual by the blood pressure recording 
which he thinks to be ‘‘typical.’’ I doubt that 
any investigator is capable of setting up a 
situation in which he ean objectively choose, 
out of the multitude of blood pressures that he 
might take on an individual, the single one 
which best characterizes the individual. The 
alte-native of choosing a ‘‘basal’’ blood pres- 
sure is seldom feasible in large-scale investi- 
cations. 

If, instead of establishing the characteris- 
ties of a large population at a given moment 
in time, it is desired to study the development 
of hypertension in individuals and its asso- 
ciation with other characteristics, a single 
blood pressure reading may not be sufficient. 
In a survey based on the study of individual 
changes in blood pressure, statistical consid- 
erations suggest that the individual should be 
characterized by the mean of a number of 
blood pressure recordings, preferably taken 
by different observers and over some time 





MISCUSSION OF GENETIC AND ENVIRONMENTAL FACTORS 737 


pan. In this fashion it is possible to take 
ito account the type of individual variability 
‘hich Dr. Neel mentioned, a variability which 
nay depend on the time of day, perhaps on 
reaction to the investigator who takes the 
lood pressure, and also on the peculiar eycli- 
al swings which characterize some indi- 
iduals. 

With data of this type in hand, it is clearly 
ossible to sort out groups of individuals in 
he population who fall into various ranges 
if blood pressure from low to high, even 
hough the distribution is a continuous one. 
(am sure that it will be found on later follow- 
ip that groups at various levels are charac- 
erized by different risks of developing some 
if the essential manifestations of hyperten- 
sion, or by changes in certain other measur- 
ible physiologic characteristics. Only by 
this type of study is it possible to say how 
much more ‘‘abnormal’’ are those groups 
characterized by higher blood pressures, and 
[ am confident that such a study will show a 
continuum of risk over the whole range of 
pressures. 

We have, in fact, found this in our Fram- 
ingham population in a 4 year follow-up with 
a group of men aged 45 to 62.17 At several 
stages of blood pressure level from low to 
high, the risk of a coronary attack steps up in 
quite even steps. This appears to be relative- 
lv independent of the risk which is associated 
with the cholesterol level. We find progres- 
sive steps down to a point where it is possible 
to identify a group of men in the lowest third 
of the population with respect to the blood 
pressure level and find on follow-up that they 
have a measurably lower risk of coronary dis- 
ease than the higher groups. Surprisingly, 
the men with concomitantly low blood pres- 
sure and low serum cholesterol had a risk of 
developing coronary disease less than that of 
the total population of women in the same age 
group. 

Dr. Koutstarpt: We would like to throw 
the discussion open and accept some questions 
from the floor. Dr. Perry, would you mind 
saying a word about your experience in West 
Africa? 


Dr. Perry: Let me say in defense of what 
follows that my primary purpose was not to 
obtain blood pressures but rather to obtain 
autopsy tissues. I attempted to go to the 
most primitive areas in which autopsies were 
performed. I wanted human beings who were 
as unspoiled by civilization as possible, but 
such people are not ideal for obtaining blood 
pressure data. I ean confirm that Dr. Wil- 
liams’ findings in Uganda? apply to a hospital 
population in nearby Ruandu Urundi where 
IT found some 500 people with an average 
blood pressure very close to 105/65 mm. Hg. 
In French Equatorial Africa, which is some- 
what closer to the area where the American 
Negro has his ancestry, the mean blood pres- 
sure was also low. This survey also repre- 
sented a hospital population—there was no 
way of getting any other kind of survey, 
Furthermore, people in both of these areas 
all had chronic diseases which might well be 
expected to affect blood pressure. They all 
had syphilis, they all had schistosomiasis, they 
all had malaria, and all of them were mal- 
nourished. It was impossible to find any 
group who did not have these diseases. Lab- 
oratory work was so limited that the incidence 
of underlying renal disease. could not be de- 
termined. Hypertension is a disease that has 
an age incidence, yet these people are too 
primitive to have any idea how old they are. 
A meaningful comparison of the incidence of 
hypertension in Equatorial Africa and else- 
where is therefore impossible. Only a clinical 
impression is possible. Nonetheless, I think 
that if one makes all allowances, he comes to 
the conelusion that there is almost no chance 
that these people have as high an incidence of 
hypertension as Negroes in the West Indies 
have. I do not think one can go beyond that. 

Dr. KIRKENDALL: T rode from the airport 
with Dr. Moser. He mentioned that the Ba- 
hamians had quite a lot of sodium in their 
urine and he thought their diet was very high 
in sodium ehloride. I remembered that Dr. 
Herbert Pollack of New York University had 
conducted a nutritional survey in Formosa 
on the Chinese soldiers there, and that he had 
found these people ate 20 to 30 Gm. of salt a 
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day.'* I could not recall whether he had com- 
mented on the incidence of high blood pres- 
sure in this population. This afternoon I 
went to the library and looked up that series 
of articles and, in a brief review of the ma- 
terial, I could find no blood pressure recorded 
and no comment on the incidence of arterial 
hypertension. It was a very careful nutri- 
tional study, and undoubtedly the figures for 
the salt ingestion are correct. I wonder if 
someone in this audience has first-hand infor- 
mation of this particular survey and, if they 
do, whether they found the incidence of high 
blood pressure in the Chinese soldiers on this 
diet to be high. 

Dr. Ropparp: I bring second-hand knowl- 
edge. Dr. Takeo Kuroyanagi of the Univer- 
sity of Tokyo who has been working with us 
at the University of Buffalo Chronic Disease 
Research Institute has told us that cerebrovas- 
cular episodes are quite common in the popu- 
lation of Japan and the islands of the Pacific. 
Being a seafaring people who depend to a 
large extent on salted fish, the Japanese are 
exposed to essentially the same dietary and 
salt ingestion patterns as the Formosans. This 
also may suggest a tie between high salt in- 
take and hypertension. 

Mr. Moore: There is some information 
which I think will be published shortly, that 
will clearly indicate that the Japanese male 
population has a level of blood pressures 
about equivalent to that of the white Ameri- 
can male population. The national vital sta- 
tisties certainly show that the rate of cerebral 
vascular accidents in Japan among males is 
as high as, or conceivable a bit higher than, 
the rate in the United States, although the 
coronary rate for Japanese is about a fourth 
that found among white American males. 

Dr. GrRoLLMAN: There are several papers 
which are pertinent to what has been said. 
The paper by Dubois,'® published in 1912, but 
rarely referred to, indicates that in French 
Equatorial Africa the incidence of hyperten- 
sion in the native Negro is practically that of 
the Negro in this country. There is also a 
report which indicates that the incidence of 
hypertension in the American Negro living 


under the pastoral surroundings of the Sonth 
is as great as that of the Negro living under 
the hectic conditions of Chicago.2® Apparent- 
ly, environment does not have much to do 
with it. In connection with Master’s work 
which has been quoted so often, it is unfor- 
tunate that in much of his earlier data ele- 
vations in systolic and diastolic pressures are 
lumped together as ‘‘hypertension,’’ without 
appreciation of the fact that a high systolic 
and normal or slightly elevated diastolic pres- 
sure merely reflects the existence of arterio- 
sclerosis and not of hypertensive disease. 

It seems to me that in any study involving 
heredity we must consider two factors: (1) 
the congenital tendency for the disease to ap- 
pear, and (2) the possibility of acquiring it as 
a result of external factors. In this connec- 
tion the paper of Taylor,® quoted by Dr. 
Moser, cites the fact that hypertension does 
not exist among the San Blas Indians, but, 
when these San Blas Indians migrate to the 
mainland of Panama, hypertension does oc- 
eur. However, in each instance where au- 
topsy data were available, there was acquired 
pyelonephritis in the Indians who developed 
hypertension. In the islands where they live 
under good sanitary conditions with the ocean 
surrounding their huts, pyelonephritis is rare. 
We can thus account for this apparently en- 
vironmental influence on the incidence of hy- 
pertension on a renal basis, which should 
please Dr. Goldblatt. 

Dr. StamueR: A few other studies on this 
problem should be mentioned. First of all 
there is the work Dahl and Love have been 
doing in Brookhaven, N.Y.2!. They divided 
a population under study into 3 groups on the 
basis of habits of salt use at the table—those 
who routinely salt all their food without 
tasting it, those who taste and then selectively 
salt, and those who never add salt at the table. 
This last group had a lower salt intake and a 
lower prevalence of hypertension than the 
other two. This would seem to be a very im- 
portant finding, if confirmed by more exten- 
sive studies, particularly in view of multiple 
animal experimental and human therapeutic 
studies on salt and hypertension.?? 
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Since no discussion of this type is ‘‘up to 
snuff’’ without mention of the Eskimo, may 
I call attention to 2 papers suggesting that 
renal and hypertensive diseases were rare in 
Eskimos, at least prior to gross accultura- 
tion.2* 24 Prior to succumbing to the ‘‘bless- 
ings’’ of white man’s flour, sugar, and canned 
goods, Eskimos subsisted overwhelmingly on 
iunimal foods, with or without fish. They 
knew nothing of the practice of adding salt 
to food and when first exposed to it regarded 
it as one of the many peculiarities of the white 
man. Is this a significant factor in the ap- 
parent rarity of hypertension in Eskimos? In 
posing this question, one must of course note 
the paucity of data on blood pressure in Es- 
kimos, particularly prior to acculturation, 
and one must also warn against loosely inter- 
preting correlation to mean cause-and-effect 
relationship. 

Next it is worth stressing again that the 
most definitive, striking epidemiologic fact 
about hypertensive disease in the United 
States is its far greater prevalence and inci- 
dence in the Negroes than in the whites. Is 
this a resultant chiefly of more extensive pye- 
lonephritis in the Negroes than in the 
whites ?°6 Is it a by-product of nutritionally 
induced renal damage early in life, as in 
choline deficiency** or from salt feeding ??* 
Is it a consequence of psychologic stress and 
strain and frustration resulting from dis- 
crimination experienced by Negroes in the 
contemporary American culture? Or do all 
of these etiologic factors operate synergistical- 
ly? Clearly this is a fruitful lead for 
epidemiologic research to pursue actively. 

Finally, may I briefly summarize the con- 
trasts in the epidemiologic patterns of hyper- 
tensive disease and atherosclerotic disease. 
Hypertensive disease is far more frequent in 
Negroes than in whites in the United States; 
atherosclerotic disease, particularly coronary 
disease, is not. Hypertensive disease is more 
prevalent in middle-aged American women 
than men; the opposite is the case for athero- 
sclerotic disease, particularly coronary dis- 
ease. Whereas hypertension, including hyper- 
tensive cerebrovascular disease, occurs with 


a high frequency in Japan and in Afriea (e.¢., 
the Bantu of South Africa), atherosclerotic 
disease, particularly coronary disease, is rare 
in these peoples and countries.2® Epidemio- 
logic and other studies on the etiology of 
hypertensive disease must focus on the basis 
for these contrasting findings. 

Dr. Moser: I had a chance to speak to Dr. 
Louis Dahl just before coming out here and, 
although he has not published his figures on 
sodium excretion, in these 3 groups, the high 
sodium execretors or high sodium intake 
people in his series still take in less sodium 
than the West Indians. In reference to your 
comment about malnutrition and tropical dis- 
eases, it was pointed out to me that there 
were practically no tropical illnesses in any 
of the Northern islands of the West Indies. 
Most of the Bahamians and most of the people 
on the Islands are fairly well nourished. They 
have a very high carbohydrate intake. It is 
true that they do not eat much protein, but 
there are few cases of malnutrition. This 
certainly is not the experience in the African 
population and it may be that if there were 
fewer tropical diseases and better nutrition 
in these people the incidence of elevated blood 
pressure might be higher.- I wonder if this 
is what might happen when the African mi- 
grates to the United States or other places? 

Dr. KonustaEpt: I think that in the latest 
article by Dahl and Love?! they also included 
the matter of body weight and found that 
when you had a high salt intake and over- 
weight you were pretty sure to develop hyper- 
tension. Dr. Francis, do you have any com- 
ment? 

Dr. Francis: I would like to make only 2 
comments on what Dr. Stamler has said. First 
of all, when he said that there is a difference 
in the incidence of hypertension between the 
males and females in the United States, there 
are no data with which he can make that gen- 
eralization. These are again spotty examina- 
tions of groups which cannot be put into a 
general picture of what is the case in the 
United States, but I do think that this is one 
of the leads where the evidence is sufficiently 
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strong in a given direction that it ought to 
be validated in a very well founded study. 

Vital statistics are of no value because 
these illnesses are not reportable. The re- 
cent compilations say that of all the deaths 
in 1955 from arteriosclerosis and hyperten- 
sion, 11 per cent were from hypertension. 
Now I do not know who decides that, but 
the statistics do not mean a thing. Secondly, 
when you come to the question of what is 
the basic defect, what is the basic insult, 
what is the original disturbance that gives 
rise to hypertension, then the various factors 
that Dr. Stamler mentioned could be multi- 
plied. This is where I think you have the 
need for a very great concentration of re- 
search. Finally, I would only emphasize 
again the fact that to talk about this disorder 
one is going to have to work on a graduation 
of disturbance rather than upon arbitrary 
distribution if we hope to find out what hap- 
pens to different peoples with different levels 
of blood pressure, to determine whether the 
blood pressure is the primary, secondary, or 
the incidental phenomenon in the disease 
process. 

Dr. Konustaept: Dr. Neel informs me that 
he has a perfect plan for a study of the epi- 
demiology of hypertension. Dr. Neel, if you 
will give us that perfect plan we can go home. 

Dr. Neetu: The perfect plan I jokingly 
mentioned to Dr. Kohlstaedt before this meet- 
ing is the kind of project an investigator 
draws up only if he is absolutely certain he 
will have nothing to do with its execution. 
Having dutifully waded through a dozen. or 
so of the references, I couldn’t resist the temp- 
tation to draw up a rather grandiose scheme. 
Assuming unlimited funds and personnel, I 
would suggest as a starter, the following 2 
alternative programs. You will note that both 
of these studies deal with the ‘‘retrorenal’’ 
etiology of hypertension rather than the 
‘‘postrenal’’ factors with which the sympo- 
sium has largely been concerned. 1. Select 
2 or more areas where representatives of sev- 
eral racial groups are living under compar- 
able socioeconomic circumstances. Obtain a 
blood pressure on every member of the popu- 
lation. Obtain also a urine specimen, for the 


purpose of excluding from the study all in 
dividuals, no matter what the blood pressur: 
level, with evidence of congenital or acquired 
renal disease other than the nephrosclerosis 
of hypertension. A complete medical ap 
praisal of all individuals included in the stud) 
would of course be most desirable. Correct 
all blood pressures to a standard pressur« 
that nullifies the effects of age and sex on the 
reading. Analyze the findings, either in 


terms of correlation, regression, or analysis of 


variance on an intrafamily and interfamil) 


and racial basis. This will result in a valid 
and unbiased estimate of familial versus non- 
familial factors in several populations. Final- 
ly, on a properly selected sample of normo- 
tensive and hypertensive families, obtain de- 
tailed psychologic, dietary, and other studies 
designed to determine how much of the intra- 
family resemblance which will almost certain- 
ly be observed is truly genetic, and how much 
nongenetic. This is, of course, a very large 
order, but when one considers the effort going 
into the study of hypertension, a study of this 
magnitude is not out of the question. 2. As an 
alternative approach, select an area with a 
homogenous population where a rapid eultur- 
al transition is in progress; parts of Africa 
come to mind. 


2 subsamples, one living as in the past, the 


Insofar as possible, assemble 
other in transition. Make essentially the 
same observations as for the other type of 
field study. Any difference between the 2 
groups will indicate how much environmental 
factors alter blood pressures under these con- 
ditions. Furthermore, if the data are kept 
in terms of family units, one can also ana- 
lyze for intrafamily similarities and so get 
at the question of genetic determinants in re- 
sponse to environmental change. 


SUMMARY 

The high incidence of hypertension in the 
Negro in the West Indies and United States 
and the infrequency of the disease in the Afri- 
can Negro were the focal point of Dr. Moser’s 
presentation. The coincidence of a high salt 
intake in the Bahama population which he 
studied was emphasized as a possible ‘‘lead’’ 
for further study. 





YISCUSSION OF GENETIC AND ENVIRONMENTAL FACTORS 


Dr. Francis emphasized the value of a lon- 
vitudinal and complete epidemiologic study 


in uncovering etiologic factors in hyperten- 
sion. <A definition of hypertension should not 
be based on any arbitrary blood pressure, but 
frequency distribution curves for an entire 
population should be studied together with 
selective group characteristics which might 
lead to a definition of susceptibles. Then a 
follow-up program might be devised which 
would identify the factors involved in the 
appearance or progression of hypertensive 
disease in the susceptible individual or the 
mild ease. From this standpoint the situa- 
tion in the Bahamas, where the life history of 
the disease was telescoped into a shorter time 
span, seemed ideal. 

Dr. Neel emphasized the almost certain 
heterogeneity of the hypertensive trait, as 
proposed by Professor Pickering, and other 
difficulties in making genetic studies in this 
field: variations in blood pressure readings, 
effects of acquired diseases, and environmen- 
tal influences such as the aceulturation proc- 
ess at work in certain African populations. 

Prof. Moore reviewed the current surveys 
of the ineidence of hypertension in certain 
populations. These support the concept of a 
continuous distribution of the blood pressure, 
of varying sex incidence depending on the 
age of the sample, and of a tendency to find an 
increase in the proportion of hypertensive 
subjects in older age groups. The failure of 
diastolic blood pressure to follow these pat- 
terns was an interesting and unexplained 
phenomenon. The value of longitudinal stud- 
ies as in the Framingham survey, was dem- 
onstrated by the evidence of the reduced life 
expectancy which even mild degrees of hyper- 
tension imposed on the individual. 

In subsequent discussion, further informa- 
tion about blood pressure in East African 
populations was contributed by Drs. Perry 
and Grollman, and on blood pressure and 
dietary habits and diseases of Japanese, Es- 
kimo, Central American, and Formosan pop- 
ulations were discussed by Drs. Kirkendall, 
Rodbard, Grollman, Stamler and Moser. 
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Adrenal Factors in Hypertension 


By JEROME W. Conn, M.D. 


The relation of adrenal function to hypertension in man is discussed. It is pointed out that 
hypertension accompanying hyperaldosteronism may recur after removal of the tumor and 
correction of the electrolyte abnormality. The complex relationship between blood pressure, ex- 
cretion of sodium loads, total body sodium and aldosterone excretion is emphasized. Results 
following bilateral adrenalectomy in man indicate a permissive role for the adrenal cortex; 
this is further supported by the occasional clinical observation that certain patients with Addi- 
son’s disease who have an unusual pressor response to substitution therapy have had a prior 
hypertension or a prominent family history of this disease. 


UR group has done no research in either 
experimental or human hypertension. We 
have, however, uncovered a group of hyper- 
tensive people who have in common a unique 
disturbance of electrolyte metabolism which 
is produced by excessive adrenal production 
of aldosterone and have suggested that this 
condition be called primary aldosteronism.' 
The elinical and biochemical manifestations of 
this disease are analogous in most details to 
those observed in desoxycorticosterone-in- 
duced hypertension in dogs. Surgical remov- 
al of the source of the excessive aldosterone 
production results in disappearance of the 
hypertension in most cases, just as does ces- 
sation of desoxycorticosterone administration 
in dogs at a certain state in the hypertension. 
We have become acquainted with some de- 
tails of approximately 50 proved cases of pri- 
mary aldosteronism, many of which are not 
yet published. It is of interest that over 90 
per cent of these cases have disclosed a single 
adrenal cortical adenoma, removal of which 
has resulted in reduction of blood pressure 
to normal in the majority, and to significantly 
lower levels in the rest. The few with bilater- 
al adrenal hyperplasia have responded well 
to total or 90 per cent subtotal adrenalectomy. 
A few patients, however, have exhibited a 
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postoperative fall in blood pressure for weeks 
or months, and then in time the blood pressure 
has returned to hypertensive levels. Al- 
though this is the exception, it is significant 
because in these eases, as in the others, the 
characteristic abnormality of electrolyte me- 
tabolism has disappeared. In some of these 
cases this response may be explainable on the 
basis of chronic pyelonephritis secondary to 
long-standing kaliopenic nephropathy. On 
the other hand, there are at least 2 instances 
in which exeretory function of the kidneys 
was normal both before and after operation, 
but hypertension failed to improve after re- 
moval of the aldosteronoma, despite return of 
electrolyte metabolism to normal. We think 
that perhaps this is analogous to what Selye 
has called metacorticoid hypertension,” repre- 
senting persistence of hypertension even after 
cessation of administration of desoxycorticos- 
terone. In those experiments, relief or per- 
sistence of hypertension upon cessation of 
DOC was dependent on the duration of its 
administration. 

If one attempts to focus on metabolic aber- 
rations most likely to be involved in the pro- 
duction of the hypertensive state, he would 
have to emphasize the sodium ion. Some of 
the people participating here today have been 
involved in demonstrating that there appears 
to be somewhat more sodium than necessary, 
and perhaps too little potassium, in the body 
of an animal with experimental hypertension. 
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This observation is in the same direction, but 
in much smaller degree than that we have 
observed in primary aldosteronism in which 
exchangeable sodium is somewhat higher and 
exchangeable potassium very much lower 
than normal. If this type of electrolyte shift 
is important in the evolution of hypertension, 
it would seem that eventual maintenance of 
hypertension is not dependent on its presence. 

Some aldosterone determinations have been 
done in essential hypertension, but it is too 
early to evaluate the meaning of the small 
increases in urinary excretion of this com- 
pound which have been reported. One should 
keep in mind that urinary excretion of al- 
dosterone is a very poor index of production 
of aldosterone. In our experience at least, 
much less than one per cent of that adminis- 
tered was picked up in the urine. There may 
be major changes in production which are 
difficult to detect as urinary excretion prod- 
ucts by present methods. In any case, there 
appears to be some slight increase in urinary 
aldosterone in essential hypertension? I 
think it is important for us to realize too that 
this may not be primary, but secondary to the 
hypertension. Bargert has shown, for ex- 
ample, that a lesion in the heart which is in- 
sufficient to produce any increase in venous 
pressure is associated with a decreased rate 
of excretion of a salt load. This suggests that 
the cardiac lesion has set off a form of second- 
ary aldosteronism even though the precise 
mechanism is unknown. It would be inter- 
esting—I do not believe this has been done yet 
—to put a Goldblatt clamp on a dog’s renal 
arteries and see whether aldosterone excre- 
tion increases quickly and in relation to the 
hypertension. 

We have another bit of evidence which mili- 
tates against increased sodium and decreased 
body potassium as being etiologic or of pri- 
mary importance in essential hypertension. 
This has to do with our recent studies in pe- 
riodic paralysis. We find that total exchange- 
able sodium in this disease is just as high as 
it is in primary aldosteronism. The finding 
is confirmed by analysis of multiple muscle 
biopsies. In addition, total exchangeable 












CONN 


body potassium is decreased in this disease, 
although not as much as in primary aldostero- 
nism, yet there is no hypertension at all.® 

Before leaving the electrolyte question, |] 
should mention the interesting phenomeno 
that you will be hearing more about. Drs 
Findley, Braun-Menéndez, Weller, and others 
participating today, have shown that this phe 
nomenon occurs both in patients with essen 
tian hypertension and in animals with experi- 
mental hypertension. I refer to the fact that 
such people and animals excrete a sodium load 
at a somewhat faster rate than normal con- 
trols. This seems paradoxical in view of what 
we have already mentioned with respect to 
total body exchangeable sodium in hyperten- 
sion. There are several possible mechanisms 
for this phenomenon, but I do not think any- 
body really knows what this is all about. One 
can show the same phenomenon in DOC hy- 
pertension. A rat made hypertensive with a 
sodium-retaining corticoid, like DOC, exeretes 
a sodium load at a faster rate than does his 
normal control. 

Finally, I would reeall the 1950 to 1952 era 
when many bilateral adrenalectomies were 
done for essential hypertension.® It soon be- 
came evident that if the adrenal is important 
in essential hypertension it is playing a see- 
ondary, perhaps permissive, role in allowing 
a pressor system to become activated. Those 
of you who have seen many cases of Addison’s 
disease realize that when one gives standard 
substitution therapy to certain patients with 
Addison’s disease they become hypertensive. 
In fact, some remain hypertensive on sub- 
optimal therapy. When one goes into the 
histories of these people he finds that some 
were hypertensive before they developed 
Addison’s disease; in other cases there is a 
history of much hypertension in the family. 
It is of interest, too, that occasionally one sees 
such a patient in whom a small amount of 
cortisone, without any  mineralocorticoid, 
causes severe hypertension. In such instances 
there seems little doubt that the cortisone is 
permissive in action. Perhaps this introduc- 
tion helps set the stage for some of the ma- 
terial that follows. 


\DRENAL FACTORS IN HYPERTENSION 
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Effect of Electrolytes on Arterial Muscle Contraction 
By Daviv F. Bour, M.D., Donatp C. Bropiz, Pu.D., anp DonaLp H. CHeu, A.B. 


The effect of specific electrolyte changes and of desoxycorticosterone on the responsiveness of 


vascular smooth muscle to epinephrine was studied using rabbit aortie strips. Low sodium 
increases, while high sodium decreases the epinephrine response. Conversely, low potassium 


decreases, while high potassium increases the epinephrine response. 


Desoxycorticosterone 


potentiates the epinephrine response in a manner qualitatively similar to that of high po- 


HE immediate cause of hypertension is 
an elevation in peripheral vascular resist- 
ance. In all probability this elevated resist- 
ance results from an increase in the tonus or 
contractility of vascular smooth muscle. Var- 
ious experimental procedures initiate a chain 
of events which eventually lead to this increase 
in smooth muscle tonus and therefore to ar- 
terial hypertension. It is not known how 
such procedures actually produce this change 
in vascular smooth muscle nor whether a 
single mechanism of production is common to 
the different types of experimental hyperten- 
sion. There is extensive evidence, however, 
that significant electrolyte abnormalities may 
exist in all types of experimental hyperten- 
sion.!)? In order to evaluate the possible role 
of such abnormalities, this study was designed 
to examine the relationship between specific 
electrolyte changes and the contractility of 
vascular smooth muscle. 


METHOD 


The method used for studying responsiveness of 
aortic smooth muscle was that of Furchgott.2 A 
spiral strip of rabbit aorta was mounted in a bath 
of Krebs bicarbonate solution. The strip was 
stimulated with epinephrine which was added at 
20 minute intervals and allowed to remain in the 
bath for 5 minutes before being thoroughly flushed. 
Calcium versenate was present in the bath to bind 
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tassium, but different from that of low sodium potentiation. 





traces of heavy metals which normally catalyze 
the oxidation of epinephrine.‘ Isotonic contrac- 
tions were recorded on smoked paper. Standard 
responses of the strip to epinephrine were ob- 
tained and compared with responses obtained 
when the electrolyte composition of the bath was 
altered and when desoxycorticosterone was added. 


RESULTS 


The effects of several potassium concentra- 
tions in the bath were studied on 22 artery 
strips. The concentration of potassium was 
altered from physiologic (4.7 mEq.) to zero 
potassium and to double potassium (9.4 
mEq.). The effects of these variations 
were consistent. The 
typical 


tracing from a 
experiment is shown in _ figure 
1. There was a marked and _progres- 
sive reduction in contractility when the 
bath surrounding the muscle was replaced 
by a potassium-free solution. Following re- 
turn to a normal potassium concentration 
there was a gradual re-establishment of the 
control amplitude of contraction. The inad- 
vertent addition of 10 times the intended con- 
centration of epinephrine, in 1 experiment 
(fig. 1), gives an indication of the range of 
responsiveness of the vascular smooth muscle. 
Doubling the concentration of potassium 
chloride greatly increased the amplitude of 
contraction in response to epinephrine. Sub- 
sequent return of the strip to a normal con- 
centration of potassium chloride was asso- 
ciated with gradual diminution of the ampli- 
tude of contraction to control levels. 
Variations in sodium chloride concentra- 
tion in the bath from a normal of 118 mEq. 
per L. to a high of 155 mEq. per L. and to a 
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JFFECT OF ELECTROLYTES 
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Fic. 1 Top. Effect of potassium chloride concen- 
tration (0, 4.7 and 9.4 mEq. per L.) of the bath on the 
response of the aortie strip to epinephrine. 


Fic. 2 Bottom. Effect of sodium chloride concen- 
tration (85, 118 and 155 mEq. per L.) of the bath on 
the response of the aortie strip to epinephrine. 


low of 85 mEq. per L. produced consistent re- 
sults in the 34 artery strips studied, In these 
experiments the osmolarity was maintained 
by varying the sucrose concentration to com- 
pensate for the changes in sodium chloride. 
Figure 2 illustrates typical responses of a 
strip in these sodium concentrations. A re- 
duction in sodium chloride in the bath in- 
creased the amplitude of the contraction in 
response to epinephrine. The second response 
after the change to low sodium chloride con- 
centration was not as great as the first and 
there was a reversal of the potentiation when 
the normal Krebs bath was replaced. This is 
in contrast to the continued potentiation in 
normal Krebs solution after high potassium 
chloride. An increase in the sodium chloride 
concentration caused an immediate decrease 
in the amplitude of response to epinephrine. 
When the normal Krebs bath was replaced, 
the initial response was often greater than the 
previous control responses. This recovery 
differs from that after low-potassium depres- 
sion of the epinephrine response, in that the 
latter tends to persist for 1 or 2 contractions 
after normal Krebs solution is replaced. 


a7. 1) 20MIN 


@sEPINEFHRINE 


Fic. 3 Top. Potentiation of the response of the 
aortic strip to epinephrine when desoxycorticosterone, 
free base (D.O.C.), is present in the bath of Krebs 
solution. 

Fig. 4 Bottom. The algebraically additive effeets 
of high potassium chloride (9.4 mEq. per L.) and 
high sodium chloride (155 mEq. per L.) on the re- 
sponse of the aortic strip to epinephrine. 


A study of the effects of desoxycorticos- 
terone carried out on 20 artery strips demon- 
strates that this steroid consistently poten- 
tiated the response to epinephrine in the man- 
ner illustrated (fig. 3). Here, as in the case 
of high potassium solution, some potentiation 
usually persisted for 1 or 2 contractions dur- 


ing the recovery period ‘when the strip was 
returned to normal Krebs solution. 


Studies were carried out on 12 muscle strips 
to determine the effects of superimposition of 
various électrolyte abnormalities. In _ all 
cases the individual effects of the electrolytes 
and of desoxycorticosterone were algebraically 
additive. In figure 4 it is seen that the high 
sodium reduced the potentiating effect of high 
potassium. The overcompensation during the 
recovery from high sodium is evident as is 
the maintained potentiation during the first 
response after removal from high potassium. 
In other experiments when desoxycorticoster- 
one was added during a high potassium 
potentiation, there was a further enhancement 
of contraction amplitude. 

Results summarized in figure 5 illustrate 
that: 1. Low sodium increases, while high so- 
dium decreases, the epinephrine response. 2, 
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Fic. 5. Effects of electrolytes and desoxycorticos- 
terone on response of aortic strip to epinephrine. 
Large arrows, inerease or decrease in epinephrine re- 
sponse that occurred during exposure to the altered 
Krebs solution; small arrows, direction of change 


during recovery from the altered Krebs solution. 


Conversely, low potassium decreases, while 
high potassium increases, the epinephrine re- 
sponse. 3. Desoxycorticosterone potentiates 
the epinephrine response. 4. There is a quali- 
tative difference between the potentiation of 
low sodium and that of high potassium. This 
difference is illustrated by the fact that there 
is a rebound depression of the epinephrine re- 
sponse following low sodium potentiation, 
while the potentiation brought about by high 
potassium persists after the strip has been re- 
turned to normal Krebs solution. 5. The po- 
tentiating effect of desoxycorticosterone is 
qualitatively similar to that of high potassium 
and differs from low-sodium potentiation. 


DiIscussION 
The following equations show a basic re- 
lationship demonstrated for nerve® and skel- 
etal muscle,® * and more recently confirmed 
for smooth muscle.*:*® If Ki is intracellular, 
K,, is extracellular potassium, and C is a con- 
stant, then 


I Ki .C resting threshold 
og . Y= 2 io 
© K potential for response 
¢ ] 
Log °C=— : cae 
Ko responsiveness 


The relation shows a positive correlation be- 
tween transmembrane potassium gradient, 
resting potentials and threshold of responsive- 
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ness. As the ratio of internal to external po- 
tassium inereases, the threshold for response 
inereases. The responsiveness therefore de- 
creases as this ratio increases. Csapo* has 
demonstrated this relationship in uterine 
smooth musele; Born and Bulbring® have 
shown that loss of potassium from the intes- 
tinal smooth muscle cell is associated with a 
decrease in cell membrane potential and an 
inerease in tone. 

Observations in the current study suggests 
that a similar relationship exists between the 
potassium gradient and the aortic smooth 
muscle responsiveness to a physiologic stim- 
ulus. A decreased value of this ration, Ki :Ko, 
caused an increased responsiveness of vascu- 
lar smooth muscle: 1. When the potassium 
outside this smooth muscle cell was increased 
the magnitude of the gradient fell, and the 
response increased. 2. If desoxycorticoster- 
one, which is known to interfere with potas- 
sium transport into the cell,'°"? lowers in- 
tracellular potassium in the vascular smooth 
muscle as it does in yeast,!” skeletal,’ or car- 
diae muscle,’* the resulting decrease in the 
Ki:Ke ratio could account for the observed 
increase in response. This part of the picture 
is relatively clear, however, the relationship, 
or lack of relationship, of the effects of shifts 
in sodium to this potassium equilibrium is not. 

It is reasonable to question the pertinence 
of findings in aortic smooth muscle to the 
mechanism of hypertension which is due to a 
change in the arterioles. However, since the 
relationships of the potassium gradient do 
apply not only to more remotely related 
smooth muscle (uterus and intestine), but 
also to skeletal muscle and nerve tissue, an ex- 
trapolation from aortic to arteriolar smooth 
muscle has some justification. Two types of 
observation relate these findings of the effect 
of potassium equilibrium on the tonus of iso- 
lated, normal smooth muscle to a_ possible 
mechanism in hypertension. In the first place 
Roseman, Freed and Friedman'™ have ob- 
served that the hypertensive effect of desoxy- 
corticosterone parallels the potassium intake 
in the rat. Also, there is both experimental 


and clinical evidence that a reduction in po- 
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issium intake will lower blood pressure.!* ! 
‘he second type of evidence which links the 
urrent observation to the mechanism of hy- 
ertension is the suggestion that there may 
an increase in aldosterone in hyperten- 
ion.16 


SUMMARY 


The current study indicates that a lower- 
ng of the K,:K, ratio increases the contrac- 
ility of vascular smooth muscle. Regardless 
f other factors involved in the pathogenesis 
f hypertension, changes in this ratio must 
ilter the responsiveness of vascular smooth 
muscle. Since it is known that factors which 
reduce this ratio exacerbate hypertension and 
that changes of this type may oceur in hyper- 
tension, the possibility exists that a shift in 
this ratio may be an etiologie factor in hyper- 
tension. 
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Effect of an Intravenous Sodium Chloride Load 
on Renal Hemodynamics and Electrolyte 
Excretion in Essential Hypertension 


By Pavuwt T. Corrizer, M.D., Joun M. WetLeR, M.D., aNd Siptey W. Hoosier, M.D. 


Exeretion of infused sodium, chloride, and water inereased proportionately in patients with 
progressively more severe grades of hypertension and of increased renal vascular resistance. 
These relationships held so long as renal plasma flow and glomerular filtration rate were not 
greatly impaired. The abnormality was characterized by increased renal tubular rejection of 


sodium, chloride and water. 


HAT most hypertensive patients excrete 
a more water, sodium, and chloride than 
do normotensive patients when given sodium 
chloride has been well established since the 
studies of Farnsworth and Barker.’* They 
pointed out that during diuresis a higher per- 
centage of filtered chloride is excreted by 
hypertensive individuals. Green, Wedell, 
Wald, and Learned‘ found water and sodium 
excretion to be directly related to blood pres- 
sure when water and sodium were adminis- 
tered. Using osmotie loading, Brodsky and 
Graubarth® demonstrated a 2 to 21% times 
greater sodium chloride excretion in hyper- 
tensive than in normotensive patients. Birch- 
all, Tuthill, Jacobs, Trautman, and Findley® 
found a lack of antidiuretic response follow- 
ing hypertonic sodium chloride administration 
during water diuresis in hypertensive patients 
which they concluded was not due to a reduc- 
tion in the release of antidiuretic hormone. 
Thompson, Silva, Kinsey, and Smithwick* 
showed that hypertensive patients reject a 
higher proportion of infused sodium than do 
normotensive patients and that sodium ex- 
eretion roughly correlates with the mean ar- 
terial blood pressure. Studies by Green and 
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Ellis* also revealed that sodium output cor- 
related with blood pressure. Both basal so- 
dium excretion and exeretion under sodium 
chloride load were higher in hypertensive than 
in normotensive individuals. Green, Johnson, 
Bridges, and Lehmann® classified hyperten- 
sive patients as ‘“‘high salt-exeretors’’ and 
‘‘normal salt-exeretors.’’ High salt-execretors 
had an elevated output of salt and water, both 
under basal conditions and under load, an 
increased salt appetite, nearly normal glo- 
merular filtration rate maintained in the face 
of reduced renal plasma flow, and a normal 
eardiae output. Normal salt-exeretors had a 
normal output of salt and water, both under 
basal conditions and under load, a normal 
salt appetite, a marked decrease in glomerular 
filtration rate and renal plasma flow, and a 
normal cardiac output. It was suggested that 
sodium output correlated with the filtration 
fraction. These findings were interpreted as 
an indication that ‘‘high salt-execretors’’ rep- 
resent an earlier stage of hypertensive dis- 
ease, whereas ‘‘normal salt-exeretors’’ rep- 
resent a later stage. 

The present investigation was undertaken 
to determine: (1) if these abnormalities of 
water and electrolyte excretion are present 
in mild hypertension before there is impair- 
ment of renal plasma flow or whether they are 
secondary to hemodynamie dysfunction of the 
kidneys; (2) if the increased water and so- 
dium chloride excretion found in hypertensive 
individuals under load is related to an in- 
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TABLE 1.—Blood Pressure, Age and Sex of Subjects 


Group 


I. Normal 


110/70 
102/66 


II. Mildly hypertensive 
Mean 
Range 


156/97 
142/86 


II. Moderately severely hypertensive 
Mean 
Range 





IV. Severely hypertensive 
ere 





erease in glomerular filtration rate or filtra- 
tion fraction or is a consequence of augmented. 
tubular rejection; and (3) if it is adequate 
to group patients with varying degrees of 
hypertension into ‘‘high salt-excretors’’ and 
‘‘normal salt-excretors.’’ 


METHODS 


Renal plasma flow, glomerular filtration rate, 
sodium, chloride, and potassium clearance and 
water exeretion were studied following sodium 
chloride loading in normotensive patients and in 
patients having varying degrees of essential hy- 
None had 
Venous pressures and arm-to-tongue circulation 
times were determined on all severely hyperten- 
None 
of the patients had primary renal disease or azo- 
temia, nor had they been sympathectomized. Table 
1 shows the arterial blood pressure, sex, and age 
distribution of the subjects. 
viduals in each group. All were instructed to 
add no salt to a regular diet, either in its prep- 
aration or at the table, but to distribute over their 
food the contents of one packet containing 2 Gm. 
of sodium chloride per day. This diet was in- 
stituted and all medication was stopped 3 weeks 
before the study, except for 3 severely hyperten- 
sive patients who had treatment with ganglionic 
blocking agents discontinued 2 weeks before. All 
were instructed to collect a 12-hour urine the 
night before the test, which was performed the 
following morning in the fasting ambulant state. 
Three pre-loading collection periods were follow- 
ed by 6 load periods, all of 15 minutes’ length. 
An indwelling bladder catheter was used and the 


pertension. sardiae failure or edema. 


sive patients and these values were normal. 


There were 5 indi- 


Arterial blood pressure 
(mm. Hg) Age 


to 180 


174/118 
160/111 to 185/121 


213/137 
190/125 to 





oe 


; a 
Number of | 


Number of 
males f 


females 


to 119/8 


to 40 


36 


27 to 50 


ade 


232/159 


patients remained reeumbent during the test. The 
glomerular filtration rate was measured by inulin 
and renal plasma flow by para-aminohippurate 
cltaranee. Prior to the pre-loading periods, a 
priming infusion of 43 ml. of 10 per cent inulin 
and 2 ml. of 20 per cent sodium para-aminohip- 
purate diluted with 0.9 per cent sodium chloride to 
150 ml., given at a rate of 8 ml. per minute per 
1.73 M.* body surface, was followed by a sustain- 
ing infusion containing 75 ml. of inulin solution 
and 4.0 ml. of sodium para-aminohippurate solu- 
tion diluted with 0.9 per cent sodium chloride to 
1,000 ml., given at a rate of 8 ml. per minute per 
1.73 M. body surface. Bladder rinsing was started 
20 minutes after beginning the sustaining infusion. 
The load infusion was started at the end of the 
third preloading period and was given during 4 or 
5 periods. One or 2 recovery periods with isotonic 
saline infusion followed the load. The load in- 
fusion contained 500 ml. of 2.5 per cent sodium 
chloride per 1.73 M.? body surface and inulin and 
sodium para-aminohippurate equivalent in con- 
centration to that in the sustaining infusion. It 
was given at a rate of 8 ml. per minute per 1.73 M.’ 
body surface. The resorcinol method of Roe as 
modified by Schreiner” was used for determination 
of inulin. Para-aminohippurate was determined 
by the method of Smith, Finkelstein, Aliminosa, 
Crawford, and Graber." The  para-aminohip- 
purate plasma concentration was usually between 
1 and 2 mg. per 100 ml. Sodium and potassium 
were analyzed by flame photometry. Chlorides 
were determined by the method of Schales and 
Sehales.” The hematocrit was checked at regular 
intervals and arterial blood pressure and pulse 
rate were taken during each period. 


RESULTS 


In figure 1, it ean be seen that the mean 





TABLE 2.—Determined and Catculated Values for the Overnight (0), Pre-load (1-3), and Load (4-9) Period 





Mean 
arterial Renal 
Patient | blood resistance Urine 

and pressure Cin CPAH Filtration | (dynes-sec.-| volume CNa Cc CK 
groups Periods (mm. Hg) | (ml./min.) | (ml./min.) fraction em.-5) (ml./min.) | (ml./min.) | (ml./min.) | (ml./min 





I. Normal 





W.A. | 
7,399 








0.157 
0.169 


0.185 
0.187 


| ( ( ; 0.166 6,490 
i 8.2 il. 0.040 2,906 
| 


Mean} 49 | 90 


| 
S.D. | 6.1 





II. Mildly hypertensive 





145 
144 


0.219 
0.182 


109 725 0.165 
108 667 0.167 


126 | 602 0.188 8,416 
14.8 32.8 117 0.071 4,492 


125 é 641 0.175 2.82 3.8 4.80 
13.3 6 140 0.019 0.69 0.29 



































S. D.=Standard deviation of the mean. 
Mean arterial pressures calculated as one-half of the sum of the mean systolic and diastolic pressures, 
Pm—Pv 
Renal resistance calculated from the formula R =————— X 1328 where Pm equals the mean arterial 
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TABLE 2.—Continued 


Mean 


arterial Renal 
Patient blood resistance Urine 
and pressure Cin CPAH Filtration |(dynes-sec.- volume CNa Ca Ck 

groups Periods (mm. Hg) | (ml./min.) | (ml./min.) fraction em.) (ml./min.) | (ml./min.) | (ml./min.) | (ml./min.) 








III. Moderately severely hypertensive 

D.A. — — — 0.96 
149 111 4.49 
148 112 4.80 











146 507 0.190 11,183 
153 511 0.177 


ti 





146 5! 0.209 
7 0.186 





W.L. = 
0.240 
0.214 
S.D. 

0. 205 15,268 


144 0.193 


||} = on 


Mean : 147 
S.D. 0. 


| wo 
|} Nw @ 


0.219 12,617 
0.076 4,310 


Mean ¢ 149 
S.D. 3. 





0.202 
0.079 





_ 
;no 
|} @ & 





IV. Severely hypertensive 





203 i 0.241 
190 25: 0.248 


180 








158 





173 
168 


os 
Ww or 
~I 


onlonl yw 


wm 


Oo 


| 


el 


Mean : 176 
S.D. 15.9 


4.50 
3.590 


=> 
Oo 

—_ 
o-_ 


4.36 a 6.90 19. 


2.75 2.678 | 4.89 | 11.11 


Mean ¢ 174 
S.D. 1.3 
































oo | 


on || 


18.4 


blood pressure of periods 1-3, Pv arbitrarily equals 10 mm. Hg, and Q (the renal blood flow) equals the 
mean Cpan of periods 1-3 (expressed as ml./sec.) divided by 1 minus the mean hematocrit values of 
periods 1-3. Epan arbitrarily taken to be unity. 

Cna of overnight periods calculated from the 12 hour urine volume and sodium concentration and the 
plasma sodium concentration just prior to the clearance infusion. 
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Mi /Min| PRE- LOAD 


30 60 90 120 
MINUTES 


Fig. 1. Renal plasma flow (Cpa), glomerular fil- 
tration rate (Civ), and urine flow (V), expressed as 
milliliters per minute per 1.73 M.” body surface, and 
the filtration fraction (FF) are shown during the 3 
pre-load, the 5 load, and the final recovery periods. 
Mean values are given for the normal (@), mildly 
hypertensive ({[)), moderately severely hypertensive 
(Wi), and severely hypertensive (MH) groups. 


renal plasma flow of the normotensive and the 
mildly hypertensive groups was normal; in 
the moderately severely hypertensive group 
it was at the lower limit of normality; in the 
severely hypertensive group it was reduced 
by 50 per cent. The mean glomerular filtra- 
tion rate of the latter group was decreased to 
60 per cent of normal. Other groups had 
normal filtration rates. There was no change 
in blood pressure or renal hemodynamics un- 
der load except in one normotensive indivi- 
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MI/ Min) 
PRE~ LOAD 


4 
104 
94 
84 
7 

o| 


54 





MINUTES 

Fig. 2. Sodium clearance expressed as milliliters 
per minute per 1.73 M.? body surface, is shown dur- 
ing the 3 pre-load, the 5 load and the final recovery 
periods. On the left, mean values are given for the 
normal (@), mildly hypertensive ((]), and moderate- 
ly severely hypertensive (W)) groups. Lined areas 
mark standard deviations of the means. On the 
right, values are given for individual severely hyper- 
tensive patients (Mb). 


dual (W.A.) who responded with an increase 
of renal plasma flow and glomerular filtration 
rate from the subnormal to the normal range 
(table 2). 

The rate of urine flow in the pre-load period 
as well as the flow under load paralleled the 
mean arterial blood pressure in those groups 
with normal renal plasma flow and glomeru- 
lar filtration rate. The mean urine flow dur- 
ing the pre-load period of the moderately se- 
verely hypertensive group was 3 times as high 
as that of the normotensive group. It should 
be noted that the pre-load period followed a 
priming infusion and was concurrent with a 
sustaining infusion containing inulin and 
para-aminohippurate in 0.9 per cent sodium 
chloride solution. 

Despite scattering of individual values, 
differences in sodium clearance between nor- 
motensive, mildly, and moderately severely 
hypertensive individuals were quite apparent 
in the pre-load and load periods (fig. 2). The 
sodium clearance values of severely hyper- 
tensive patients exhibited a marked dissocia- 
tion. Under loading conditions, 3 individuals 
followed the pattern of the moderately severe- 
ly hypertensive group and 2 were slightly be- 
low the normal range. 

Figure 3, summarizing the relationship be- 
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TABLE 3.—Analysis of Variance in Periods 4 to 9 of Groups I to IV 


Source of variation Degrees of 


freedom 


4 
16 
20 
92 


MRR ONIN sx socee pnd eaa sane 
etween individuals within groups. . . . 
etween individuals... ... 

ithin individu: Sere 


F values computed using the 


4 
16 








etween individuals within groups... . 


F 


square. 


U rine 


4.99* 
(21. 


ralace canneied using the mean square between individuals within groups as the error mean 


Variable 
volume 1K 
46 .92* 
26. 28* 
30. 47* 


1 


(31.102) 


5.34" 
828) 


20. 85* 
(1. 442) 


| 
ey3 
| 
| 


within individuals mean square as the error mean square. 


| 4.24+ 1.79 = | 
| (18. 239) (817.426) | 





321) (45.101) 





*Values signifies ant at the 1 per cent level. 


+Values significant at the 5 per cent level. F values are given except for numbers in parentheses which 


are mean squares. 


and the so- 
lium clearances in the 12-hour period prior 
o testing, in the pre-load period, and in the 
load period, demonstrates that increments in 
sodium clearance under load increased with 
The differences in sodium 
clearance were already present prior to test- 
ing and during the pre-load period. As 
shown in table 2, pre-load mean sodium clear- 
anee values in groups I, II, and III were 1.63, 
?.60, and 4.67 ml. per minute, while the inere- 
ments under load were 1.02, 1.20, and 2.06 
inl. per minute, respectively. 

The mean plasma sodium concentration 
during the pre-load period was in the same 
range for the normotensive, moderately severe- 
lv, and severely hypertensive groups (143.6 
mEq. per L.), whereas the mildly hyperten- 
sive group showed consistently a_ slightly 
higher sodium concentration (146.1 mEq. per 
l1.). This difference was already present be- 
fore the priming infusion (fig. 4). Under 
load, the group with hypertension 
reached a maximal plasma sodium concentra- 
tion of 149.2 mEq. per L. (A = plus 2.1 per 
‘ent; the other groups 145.7 mEq.. per L 
A plus 1.5 per cent); the differences in 
increments not appearing io be significant. 

The filtered load of sodium (product of the 
plasma concentration of sodium and the inu- 
lin clearance rate) also showed no correla- 
tion with the arterial blood pressure. In the 


ween the arterial blood pressure 


the blood pressure. 


mild 


pre-load period, the mean filtered load of so- 
dium was 13.6, 16.3, 15.4, and 10.0 mKq. per 
minute for the normotensive, mildly, moder- 
ately severely, and severely hypertensive pa- 
tients while in the load period it was 14.8, 
17.1, 14.8, and 10.2 mEq. per minute, re- 
spectively. In figure it is demonstrated 
that the per cent of the filtered sodium which 
is excreted (sodium clearance divided by the 
inulin clearance) shows the same relationships 
as did the sodium clearance itself (fig. 2). 
There was no correlation between sodium 


5, 


clearance and the clearance of inulin or para- 
aminohippurate. There was some correlation 
between sodium clearance and the calculated 
renal resistance and the filtration fraction. 
Figure 6 shows that the sodium clearance in 
hypertensive parallels arterial 
blood pressure up to a critical renal resist- 
ance ranging from 12,000 to 16,000 dynes-sec.- 
em; 


individuals 


beyond which it declines with inereas- 
ing renal resistance. The chloride excretion 
followed the pattern of sodium ; the potassium 
principally the one of water (table 2). 
Because the number of individuals in each 
group was small, an analysis of variance is 
presented in table 3. This may be interpreted 
as follows: 1. Individuals (groups ignored) 
differ significantly in mean urine volume and 
sodium, potassium, chloride clearances. 
2. Group means differ significantly with 
spect to urine volume and sodium, potassium, 


and 


re- 
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Mi/ Min 
7 


80 100 


Fic. 3. The sodium clearance of each of the 4 
groups expressed as milliliters per minute per 1.73 
M.* body surface, is plotted against the mean blood 
pressure of each group, respectively, at the midpoint 
of its 3 bars. Lined bars represent means of the 
overnight period (0), open bars of 15 pre-load 
values (1-3) and solid bars of 30 determinations dur- 
ing sodium chloride loading (4-9). Overnight values 
are the means of 3 normotensive, 4 mildly hyper- 
tensive, 3 moderately severely hypertensive, and 5 
severely hypertensive patients. 


and chloride clearances. 3. Individuals within 
a group are not homogeneous. 4. The varia- 
tion between groups is significantly greater 
than the variation within groups for the mean 
urine volume and sodium clearance (and for 
chloride clearance also if group IV is elimi- 
nated from the analysis). This must be 
viewed as an approximate test because of the 
known heterogeneity within groups. 


DISCUSSION 


These studies confirm the observations of 
others that most hypertensive individuals ex- 
crete more sodium, chloride, potassium, and 
water when loaded with sodium chloride than 
do normotensive individuals. There is a 


direct relationship between sodium clearance 


and mean arterial blood pressure as long as 
the renal plasma flow and glomerular filtra- 


tion rate are normal. This correlation ap- 
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peared to be present in the resting state, wa: 
clearly evident in the pre-load period and wa: 
improved by loading. The priming and sus 
taining infusions, both of which containe 
0.9 per cent sodium chloride, might be con 
sidered in themselves to constitute a sodiun 
chloride load. Under these load conditions 
hypertensive individuals with normal rena 
function apparently excrete a higher percen 
tage of filtered sodium than do normotensiv: 
subjects. 

The overnight urine samples brought in by 
the patients are not as accurately collected a 
those during the renal excretory measure 
ments and clearance values in the overnigh 
‘*basal’’ state are obviously subject to con 
siderable error. There was a slight elevation 
in the average basal exeretion of sodium i! 
the hypertensive patients. This tends to con 
firm the report of Green and Ellis® that the 
basal excretion of sodium is elevated in hyper- 
tension. Not all investigators have found this 
to be true however. Since the correlation of 
blood pressure and sodium excretion improves 
with load, minor differences in sodium excre- 
tion in the basal state are made more evident 
by the pre-load infusion of isotonic sodium 
chloride and become more marked under load- 
ing with 2.5 per cent sodium chloride. It ap- 
pears therefore that loading may bring out 
differences in sodium excretion which are not 
clearly apparent in the basal state. 

Although these data suggest increased tu- 
bular rejection of sodium, chloride, and water 
as the primary mechanism for the augmented 
excretion, the possibility of minute, nondetec- 
table increments of filtered load cannot be 
ruled out, as has been pointed out by many in- 
vestigators.15-!© Experimental work on ani- 
mals!* 16,17 suegests that the increased ex- 
cretion of water and electrolytes is due to a 
higher filtered load as a consequence of ele- 
vated filtration pressure. This is also reflected 
by an increased filtration fraction. The fact 
that the mean arterial blood pressure and fil- 
tration fraction parallel sodium and chloride 
clearance and urine flow in hypertensive sub- 
jects having no significant reduction of renal 
hemodynamies is the only evidence from our 
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Plasmo No PRE- LOAD 


mEq/L No Cl 
<_< 


152 
150 
148 
146 
144 
142 
140 
138 
136 
134 
132 
130 


Periods 


Fig. 4. The mean plasma sodium concentrations of the normal (@), the mildly hypertensive 


(CJ), the moderately severely hypertensive (W)) and 


the severely hypertensive (Mf) groups are 


plotted before the start of the clearance determination (Pl), during the 3 pre-load (0.9 per cent 
sodium chloride), the 5 load (2.5 per cent sodium chloride), and the final recovery (0.9 per cent 
sodium chloride) periods. The vertical lines indicate the range of individual values. 


data to support this view. Shipley and 
Study!’ determined the effect of acute altera- 
tions in renal arterial blood pressure on renal 
blood flow, extraction of inulin, glomerular 
filtration rate, tissue pressure, and urine flow 
and thought that inereased intravascular 
pressure caused increased tissue pressure 
which diminished the transfer of filtrate 
through the tubular wall with consequent in- 
erease in urine flow. This mechanism remains 
a possibility in essential hypertension. 

No correlation between sodium clearance 
and para-aminohippurate or inulin clearance 
could be established. The filtration fraction 
paralleled sodium clearance in the groups 
with mild and moderately severe hyperten- 
sion, but did not in the group with severe 
hypertension. The best correlation in the 
mild and moderately severe groups was be- 
tween total renal resistance and sodium clear- 
ance (fig. 6). As the renal extraction of 
para-aminohippurate was not determined, 
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o 30 60 90 129 
MINUTES 
Fig. 5. Sodium clearance expressed as per cent of 
the filtered sodium excreted during the 3 pre-load, 
the 5 load, and the final recovery periods. Left, 
mean values for the normal (@), mildly hyperten- 
sive (()), and moderately severely hypertensive (W)) 
groups. Lined areas mark standard deviations of 
the means. Right, values given for individual severe- 
ly hypertensive patients (Mb). 


renal resistance values of the severely hyper- 
tensive patients must be judged with caution. 





CNo mi /MIN. 
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25 
5 


DYNES SEC. CM™ 


Fic. 6. Sodium clearance expressed as milliliters per minute per 1.7: 
against ealeulated renal resistance. Single values 


normal (@), the mildly hypertensive ({]), and the moderately severely 


M.” body surface plotted 
of the 3 pre-load periods are shown for the 


hypertensive (Wl)  indi- 
viduals with their calculated regression line on the left and for the severely hypertensive patients 


(M@) on the right where the line has been drawn by inspection. 


In spite of these limitations, one may specu- 
late that renal resistance, reflecting arteriolo- 
sclerosis as the basic pathologic process in the 
hypertensive kidney, may be related in a 
causative fashion to water and electrolyte ex- 
cretion. 

The plasma sodium concentration does not 
seem to regulate the response of sodium excre- 
tion under load since the normotensive, mod- 
erately severely, and severely hypertensive 
groups had the same concentrations. The re- 
sults of Barger, Rudolph, Rokaw, and 
Yates,!® who found increased sodium execre- 
tion on the side where they injected hyper- 
tonic sodium chloride into the renal artery, 
suggests the possible importance of this fac- 
tor. Taquini, Plesch, Carpis, and Badano*° 
found elevated serum sodium concentrations 
in 10 of 13 severely hypertensive patients. 
The finding in this study of a slightly elevated 
plasma sodium level only in mild cases of es- 
sential hypertension warrants further inves- 
tigation. 


When the patients studied here were exam- 
ined according to the criteria of Green, John- 
son, Bridges, and Lehmann,’ the ‘‘high salt- 
excretors’’ were found to belong to the groups 
with mild and moderately severe hyperten- 
sion whereas the ‘‘normal salt-execretors’’ 
were in the group having severe hypertension. 
Such a simple classification therefore does not 
adequately describe these relationships in 
these patients since there was a progressively 
increasing salt excretion with increasing blood 
pressure until impairment of renal function 
became prominent. 

The decreased sodium clearance of the se- 
verely hypertensive group is primarily due to 
reduction of filtered load. However, in the 
limited number of severely hypertensive 
cases studied, there did not appear to be a 
definite correlation between the filtration rate 
and the per cent of the filtered load of sodium 
and chloride excreted. Increased tubular re- 
absorption or decreased tubular rejection of 
sodium and chloride may have been an addi- 
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onal factor in the 2 severely hypertensive pa- 
ents who retained a greater proportion of 
ie administered load. 


SUMMARY 


The renal hemodynamic and excretory re- 
ponses to an intravenous load of 2.5 per cent 
odium chloride were studied in 15 patients 
vith essential hypertension and in 5 normal 
subjects, all on comparable salt intakes for 
} weeks prior to testing. Para-aminohippu- 
‘ate and inulin clearanees did not change 
inder load. 

Sodium and chloride clearances and water 
exeretion following this load were proportion- 
al to the degree of blood pressure elevation 
and to the increase in renal resistance except 
in 3 instances in which renal plasma flow and 
glomerular filtration rate were greatly re- 
dueed. 

No measurable inereases in glomerular fil- 
tration rate and only slight increases in plas- 
ma sodium concentration, which were of sim- 
ilar magnitude in all groups, were observed 


during the sodium chloride loading. The 
hypertensive patient appeared to reject a 
greater portion of the filtered load of sodium 
chloride and water. 

This alteration in electrolyte excretion in 
essential hypertension apparently is not re- 
lated to renal plasma flow or glomerular fil- 


tration rate, but parallels blood pressure and 
renal resistance up to the point of a severe 
reduction in renal hemodynamic function. 
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Serum Magnesium and Plasma Sodium Levels in 
Essential Vascular Hypertension 


By Dona.p G. Aubert, M.D., Yosurkazu Morita, M.D., anp Luoyp T. Iseri, M.D. 


The mean serum magnesium concentration in 26 uncomplicated hypertensive patients was 
found to be significantly lower than that in 43 normal individuals. The mean plasma sodium 
concentration in these patients was significantly higher than that in a normal group. The 
mean plasma potassium levels were not significantly different. It is suggested that a possible 
explanation for these electrolyte changes is excessive adrenal cortical activity. 


LTHOUGH serum’ magnesium levels 
A have been reported to be elevated in 
i. vpertensive disease, the possibility of reten- 
tion due to renal failure has not been elimi- 

ated as a causative factor.!? The occurrence 
of hypomagnesemia in a patient with hyper- 
iension due to a mineralocorticoid secreting 
adrenal tumor,’? together with the report of 
increased aldosterone secretion in a_ small 
croup of hypertensive patients,* prompted the 
determination of serum magnesium levels in 
subjects with essential wascular hypertension. 


METHODS 


Fasting sera were obtained in the outpatient 
clinie from 12 male and 14 female hypertensive 
patients, ranging in age from 22 to 66 years. All 
were adequately nourished and had a_ normal 
dietary history. The only symptoms were those 
lue to the hypertension itself. There were no 
disorders, past or present, pertaining to cardiae, 
renal or vital cerebral functions. The blood urea 
nitrogen was less than 25 mg. per cent in all pa- 
tients exeept 1 man with early malignant hyper- 
tension, in whom it was 31 mg. per cent. The 
ereatest abnormality reported on the urinalyses 
was a faint trace of albumin and there were no 
formed elements. These patients had not been 
treated with antihypertensive drugs. The average 
systolic blood pressure was 200 mm. Hg with the 
range of 142 to 240 mm. Hg and the average di- 
astolic blood pressure was 126 mm. Hg with the 
range from 100 to 156 mm. Hg. In addition to 
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the serum magnesium and blood urea nitrogen, 
plasma sodium, potassium, and chloride were de- 
termined. Sera from a control group of 43 fast- 
ing normal adults, ranging in years from 19 to 
36, were obtained for magnesium levels. 
Magnesium was determined by the titan 


yellow method.” Blood for sodium, potassium 


and chloride determinations was drawn _ into 
heparinized tubes. The cells were separated by 
centrifugation within 1 hour of venipuncture. De- 
terminations of sodium and potassium were done 
on the flame photometer.” All determinations were 
made in duplicate on the same blood sample. 


RESULTS 

The means given below are followed by the 
standard deviations. The mean serum mag- 
nesium level in the control group of 43 nor- 
mal adults was 1.61 + 0.14 mEq. per I.., 
ranging from 1.36 to 1.94 mEq. per L. (fig. 
1). There was no significant difference in the 
values among the various age, sex, and racial 
groups. In comparison with the control 
group, the mean serum magnesium level in 
the 26 fasting uncomplicated hypertensive 
patients was 140 + 0.13 mEq. per L., with 
the range from 1.10 to 1.60 mEq. per I. 
(fig. 1). The probability that the difference 
occurred by chance alone is less than 1 in 
1,000. In 4 hypertensive patients with azo- 
temia, the magnesium levels were much high- 
er than normal. No correlation could be dem- 
onstrated between the severity of the hyper- 
tension, as measured by the height of the 
diastolic pressures or the changes in the optie 
fundi, and the lowering of the serum mag- 
nesium level. 

Plasma sodium levels were found to be sig- 
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Fic. 1 Top. Serum magnesium in essential vas- 
cular hypertension. 

Fic. 2 Middle. Plasma sodium in essential vaseu- 
lar hypertension. 

Fic. 3 Bottom. Plasma potassium in_ essential 


vascular hypertension. 


nificantly elevated in hypertensive patients 
from a control of 142.0 + 3.0 mEq. per L., 
established in a previously reported study 
from this laboratory using the same _ tech- 
nic,” to a level of 147.7 + 5.0 mEq. per L., 


ALBERT, MORITA, AND ISERI 


with the range from 140.0 to 158.9 mEq. per 
L.. (fig. 2). The probability that the dif- 
ference occurred by chance alone is less than 
1 in 1,000. There was no correlation between 
the elevation of the plasma sodium and the 
depression of serum magnesium levels in these 
hypertensive patients. 

The mean plasma potassium in this group 
of hypertensive subjects was 4.23 mEq. per 
L. with a standard deviation of 0.55 mEq. per 
L. (fig. 3). This is not significantly different 
(p > 0.05) from the normal mean of 4.06 + 
0.32 mEq. per L., previously determined in 
this laboratory.* 


DIscuUSSION 

The low serum magnesium level found in 
the present group of uncomplicated hyperten- 
sive patients is contrary to observations made 
by others.:* However, since the status of 
renal and cardiac functions was not stated in 
these studies, one cannot be certain that cases 
with gross renal insufficiency or cardiac de- 
compensation were excluded. It is well known 
that serum magnesium levels are elevated in 
renal failure.!;?)*® In the present series, 
azotemic cases were excluded with the excep- 
tion of 1 patient previously mentioned. 

Any explanation for the lowered mean se- 
rum magnesium level would be highly con- 
jectural. Although the subjects of this study 
were drawn from a low economic bracket com- 
pared to controls, dietary reasons for the 
hypomagnesemie tendency seem unlikely in 
view of the magnesium content of the average 
diet,’” 1! which is definitely in excess of that 
required for maintenance of balance. Other 
eauses for hypomagnesemia such as aleohol- 
ism,!? chronic diarrhea,! liver and pancreatic 
disease,* 15 polyuria,’® and diabetes melli- 
tus,'* 17 were not present in the patients 
studied. 

Since a considerable number of values in 
the hypertensive group overlapped with the 
normal values, the possibility of heterogeniety 
in the former group must be considered. The 
number of cases is too small to permit the 
recognition of 2 or more population groups, 
even if such groups existed. 





}.AGNESIUM AND SODIUM LEVELS IN 


The finding of elevation of mean plasma so- 
jum in the hypertensive patients used in this 
tudy confirmed the work of Holley.‘ Fur- 
hermore, both of the plasma electrolyte 
hanges are in the same direction as the 
hanges found in cations in the aorta of the 
‘enal hypertensive rat by Tobian and 
3inion.!® 

A possible explanation for the tendency 
oward hypomagnesemia and hypernatremia 
in these patients is adrenal cortical hyperac- 
tivity. Genest* has reported finding increased 
urinary excretion of aldosterone, as measured 
by a combined chromatographic-bioassay 
method, in a small group of severely hyper- 
tensive subjects. If at least some hyperten- 
sive subjects have increased adrenal cortical 
activity, can this be responsible for the ob- 
served electrolyte changes? 

Retention of sodium and hypernatremia are 
well known findings in clinical and experimen- 
tal states characterized by excessive mineral- 
ocorticoids. The relationship between corti- 
eal steroids and hypomagnesemia is not se- 
curely established, however, the following evi- 
dence suggests that hypomagnesemia and 
adrenal cortical overactivity are associated. 
Haynes and associates”? and Bartter and asso- 
ciates?! have shown a tendency toward a de- 
layed negative magnesium balance after 
ACTH administration. Rats treated with 
desoxycorticosterone for 1 month have been 
shown to have a significant decrease in serum 
magnesium and a significant increase in plas- 
ma sodium level.22, Hypomagnesemia was ob- 
served in a patient with spontaneous hypotas- 
semia, alkalosis, hypernatremia, and hyper- 
tension due to a mineralocorticoid secreting 
adrenal tumor.* These studies suggest the 
possibility of increased mineralocorticoid ac- 
tivity in some cases of hypertension, however, 
even if this is correct, it cannot be determined 
at this time whether the hypersecretion is re- 
lated etiologically to the hypertension. 
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Contribution of the Adrenal Cortex to Renal 
and Renoprival Hypertension 


By Harriet P. Dustan, M.D., anp Georges M. C. Masson, Pu.D. 


Association of the adrenal cortex with renal hypertension lead to the conclusion that several 
mechanisms are operating. First, hypertension is not, or is poorly, sustained in true adrenal 
failure, and mild failure seems to impair vascular responsiveness. This indicates a permissive 


function of the adrenal in renal hypertension. 


Furthermore, degrees of renal injury or of 


hypercorticoidism which are not of themselves very pressor may cause severe hypertension 
when they are added together. This additive aspect is probably closely related to the sensi- 
tizing effect of adrenal steroids on renal pressor activity and underlies the so-called renin- 
DCA syndrome. It may involve not only an enhanced pressor responsiveness but also a weak- 
ening of vessel walls. Lastly, the effects of renin and renal hypertension on the zona glomeru- 


losa suggest that the renal pressor system has 


direct effect on the adrenal cortex which 


would tend to add cortical pressor to existing renal pressor activity and thus sustain renal 


hypertension. 


 petaahete experiments have demon- 
onstrated that the adrenal cortex has an 
important role in the maintenance of reno- 
prival as well as of renal hypertension. These 
experiments have studied the effect on hyper- 
tension of adrenalectomy with and without 
adequate substitution therapy, the influence 
of adrenal cortical insufficiency and of corti- 
cal hormones on the formation of renin sub- 
strate (hypertensinogen), the hypertensive 
vascular disease produced by excess adrenal 
steroids, the intense arteriolar necrosis pro- 
dueed by renin in animals pretreated with 
DCA, the effects of adrenal failure on vascu- 
lar reactivity, and the influence of experimen- 
tal renal hypertension and of renin on the 
morphology of the adrenal cortex. The va- 
riety of experimental situations in which an 
adrenal-renal interplay can be demonstrated 
suggests that these associations of renal and 
adrenal function in hypertension are probably 
multiple in their mechanisms. Accordingly we 
propose that these associations be grouped by 
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their apparent mechanisms as permissive, ad- 
ditive, sensitizing, and reciprocal. 
Permissive. That hypertension cannot be 
fully maintained in the face of inadequately 
treated adrenal failure was observed by Gold- 
blatt! and by Page? in experiments with renal 
hypertensive dogs and by dell’Oro and Braun- 
Menéndez® in rats; later Page and Lewis* 
found that such hypertension could be main- 
tained if adequate substitution therapy were 
given. The antihypertensive effect of hypo- 
physectomy, described by Page and Sweet,’ 
was widely confirmed and, with availability 
of corticotrophin,® shown to be dependent 
primarily on subtotal adrenal insufficiency. 
Insofar as severe adrenal insufficiency leads 
to a decrease in blood volume and cardiac 
output, it will, inevitably, reduce existing 
levels of arterial pressure. However, these 
gross hemodynamic changes do not explain 
the blood pressure falls that may occur in 
partial adrenal failure unassociated with hy- 
ponatremia or hemoconcentration. These lat- 
ter observations suggest that the adrenal cor- 
tex may influence the formation of pressor 
substances and perhaps also diminish vascu- 
lar responsiveness. The first of these sugges- 
tions finds support in the demonstration of 
Lewis and Goldblatt’ that renin substrate 
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(hypertensinogen) formation is deficient in 
adrenal cortical failure and in Helmer’s and 
Griffith’s* observation that DCA stimulates 
the formation of renin substrate in the rat. 
The second suggestion is borne out by the 
finding of Salmoiraghi and MeCubbin® that 
vascular reactivity is depressed in adrenalee- 
tomized dogs. 

Thus, the permissive association of the 
adrenal cortex depends on the influence of 
cortical hormones on such gross functions as 
blood volume and cardiac output and on such 
less well-defined functions as vascular tone 
and responsiveness. Further, as concerns 
renal hypertension, the adrenal glands seem to 
influence the accumulation of pressor agents 
by their effect on the formation of renin sub- 
strate. 

Additive. Some of the various technics for 
the production of experimental hypertension 
are effective because they combine procedures 
which, singly, are not sufficient to produce 
large increases in blood pressure. Thus, uni- 
nephrectomized, salt-fed rats show a slight 
hypertension ; administration of DCA causes 
this to become severe. Uninephrectomy also 
increases the hypertension that follows adre- 
nal enucleation. From another aspect, Knowl- 
ton et al.!” have reported that doses of DCA 
which were not pressor in normal rats pro- 
duced marked hypertension in rats with 
nephrotoxic serum nephritis. 

The association of renal and adrenal in- 
fluence, here, seems to be additive in that se- 
vere hypertension depends on the concurrence 
of renal and adrenal changes which, in them- 
selves, are only slightly hypertensive. 

Sensitizing. Renin is, by definition, pres- 
sor, but in the usual short-term experiments 
does not cause vascular disease. However, if 
renin is given subcutaneously to rats with 
mild DCA-salt hypertension, it produces a 
syndrome resembling toxemia of pregnancy. 
This condition is characterized by oliguria, 
edema, intense hypertension, convulsions, 
hemorrhages, and acute, diffuse vascular and 
glomerular lesions.!! Pretreatment with cor- 
tisone, likewise sensitizes the rat to the effects 


of renin.’* In this instance, there are fewer 
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hemorrhages although the vascular damage 
is somewhat more intense than with DCA. 
When hydrocortisone is used as the sensitiz- 
ing steroid,!® renin does not cause edema— 
presumably because the urine flow is well 
maintained—but does cause lesions similar to 
those seen in animals given DCA or cortisone. 
That this is a specific effect of renin is shown 
by the fact that the DCA-renin syndrome can 
be reproduced in DCA-treated rats given an- 
giotonin.! 

The mechanism of the acute vascular dis- 
ease produced by renin in animals pretreated 
with adrenal steroids is not apparent; the 
hypertension, as such, may be an adequate 
explanation. In uninephrectomized rats main- 
tained on water, single, subcutaneous in- 
jections of renin (14 dog units) cause only 
a slight, transient rise in blood pressure which 
appears by the first hour and practically dis- 
appears by the sixth hour. The uninephrecto- 
mized rats maintained on saline have a slight- 
ly higher basal blood pressure and show no 
greater response to the same dose of renin. 
However, if this same amount of renin is 
given to bilaterally nephrectomized rats there 
are large increases in blood pressure which are 
maximal by the second hour but have practi- 
cally disappeared by the sixth. A greater de- 
gree of sensitization to renin is seen in the 
DCA-salt hypertensive rats, but in these ani- 
mals the pressor response persists beyond the 
sixth hour and, in some, lasts for as long as 
24 hours.” 

Thus, the acute vascular damage caused by 
renin in uninephrectomized DCA-pretreated 
rats may result wholly from an enhanced and 
prolonged increase of arterial pressure. It may 
be that other factors sensitize the blood ves- 
sels to damage. In this instance, steroids, by 
altering the composition of the vessel walls, 
may increase the damaging effects of in- 
creased arterial pressure. 


Reciprocal. Up to this point we have 


drawn attention to the effects of hypo- or 
hypercorticism on renal and renoprival hyper- 
tension and on the effects of renin, but what 
of the effects of renal hypertension and renin 
on the adrenal cortex itself? Deane and Mas- 
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son'® explored this by studying the morphol- 
ogy of the adrenal cortex in rats given renin 
and in rats with perinephritic hypertension 
which were maintained on water. In both in- 
stances, they found an increase in the width 
of the zona glomerulosa that seemed to be 
proportional to the height of the blood pres- 
sure. This increase in width of the zona glo- 
merulosa was found even when the rats with 
wrapped kidneys were maintained on saline. 
This bears particular mention since, in intact 
rats, sodium deprivation alone will cause an 
increase in glomerulosa width, and ‘‘sodium 
flooding’’ causes a narrowing of this zone. It 
may well be that the effect of renin and of 
renal hypertension on the zona glomerulosa 
reflects the degree of renal pressor activity. 
This adrenal morphologic change, associated 
with renal pressor activity, suggested a recip- 
rocal relationship between the adrenal cortex 
and the kidney in renal hypertension.'* Renin 
released as the result of renal artery narrow- 
ing or perinephritis would act on the kidney 
to promote salt loss; renin also acts.on the 
zona glomerulosa stimulating the secretion of 
DCA-like substances which would promote in- 
creased salt reabsorption and be, of them- 
selves pressor. Such a system would result in 
normal plasma electrolytes and reciprocally 
sustained renal-adrenal hypertension. 
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Discussion of Reports on Electrolyte and 
Adrenal Factors in Hypertension 


R. FINDLEY: I feel very grateful for 
D the privilege of participating in this 
tribute to Dr. Goldblatt, whom I have long ad- 
mired. I am sure we would agree that Dr. 
Goldblatt would be a great person even if he 
had never clamped a renal artery. 

[ have only 2 or 3 matters to present. 
Figure 1 shows the data that Dr. Conn re- 
ferred to which fully confirm the experience 
of Drs. Cottier, Weller, and Hoobler, that 
people having essential hypertension are po- 
tential salt-losers.' This is what happened to 
our individuals to whom we applied the tech- 
nic of Hickey and Hare.? It is evident that 
the normotensive individual who received a 
very large drink of water and an infusion of 
hypertonie salt at the same time had almost 
complete inhibition of the expected diuresis. 
In Cushing’s disease there is no inhibition of 
water diuresis. In essential hypertension the 
response occupies an intermediate or ‘‘Cush- 
ingoid’’ position. These data (fig. 1) repre- 
sent the fraction of filtered sodium and chlo- 
ride which the kidney rejects. The person 
with essential hypertension presents an inter- 
mediate pattern in respect to salt excretion. 
I am not going to attempt an explanation. I 
do not have much confidence in the ability of 
ordinary clearaiice technics to pick up minor 
changes in glomerular versus tubular activity. 
I am inclined to think that perhaps this is 
just evidence that, after all, the kidney cell 
is not very different from any other cell in 
that it likes to resist the entrance of sodium. 
In hypertension this resistance may be in- 
creased and, insofar as the kidney is con- 
cerned, perhaps tubular fluid is treated like 
extracellular fluid elsewhere. 

We have reported elsewhere*® that, when the 
circulation of the kidney is interfered with 
by means of moderate to complete clamping 
of the renal artery or when renal mass is re- 


duced, the architecture of the anterior pitui- 
tary is altered in the direction of eosinophilic 
proliferation at the expense of the chromo- 
phobes and chromophils. I would like to say 
to Dr. Braun-Menéndez that these eosinophils 
are producing renotrophin, but I am going to 
resist that temptation for lack of proof. We 
thought at first that perhaps this trophie in- 
fluence on the eosinophils was due to what 
Dr. Kolff has referred to today as ‘‘angio- 
tensin.’’ Since Dr. Grollman was_ kind 
enough to send some pituitary glands from 
bilaterally nephrectomized dogs, who showed 
the same cellular changes, we feel that this 
must be interpreted as a renoprival phenom- 
enon. 

The last matter concerns the Skelton type 
of hypertension.* Dr. Skelton produces hy- 
pertension in the rat by taking out the 
adrenal glands or at least a large part of 
them. I hope he will feel free to discuss this 
matter this morning. We felt it worthwhile 
to see if this experience could be repeated in 
the dog. Adult mongrel dogs were first sub- 
jected to unilateral nephro-adrenalectomy and 
the opposite adrenal was enucleated soon 
thereafter. Even though the animals drank 
only 1 per cent saline, the result was merely 
a very mild, benign, unexciting type of hyper- 
tension. I think that Dr. Skelton’s results in 
the adult rat were somewhat similar to these, 
but since he produced very severe malignant 
hypertension in young rats, we also ran ex- 
periments on puppies. It is very discourag- 
ing to say that to date the results are pre- 
cisely zero. For periods up to 5 months fol- 
lowing adrenal enucleation we have observed 
no blood pressure rise in the puppies. I hope 
that Dr. Skelton or someone else can explain 
this species difference I have the distinct 
impression that the dog puts out a poor vari- 
ety of ACTH, because in many of them there 
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was no visible regeneration of cortical tissue 
at all. It may also be that these regenerating 
adrenal cortices are elaborating the wrong 
kind of steroid. 

Dr. TostaAn: In discussing some of the as- 
pects of electrolyte changes in hypertension, 
! would say that these were first brought into 
focus by the fact that a diet very low in so- 
lium tends to prevent certain types of hyper- 
tension and absolutely abolishes DCA hyper- 
tension. The low-sodium diet also depresses 
‘ertain types of renal hypertension and cer- 
‘tainly does tend to have this effect in man in 
‘ssential hypertension. There is the opposite 
‘ffect of increased sodium intake tending to 
sensitize animals to various types of experi- 
nental hypertension. In terms of tissue anal- 
vses, we were unable to find a general change 
n body sodium in relation to various types 
f renal hypertension.®* At first we expected 
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Saline infusion fails to inhibit water diuresis in essential hypertension, Cushing’s syn- 
(Reprinted from Circulation 7: 258, 1953.) 


that muscle tissue would probably have an 
increased amount of sodium in relation to 
experimental hypertension, but this did not 
prove so. Skeletal muscle of the rat follow- 
ing renal manipulation did have a slightly 
abnormal electrolyte composition, but this ab- 
normality could not be correlated with hyper- 
tension per se. After renal manipulation, 
some animals would get hypertensive and 
others would not, yet the same changes of 
electrolytes in the skeletal muscles of either 
the 
would oceur. 


normotensive or hypertensive animal 
However, when the wall of the 
rat aorta was studied this did not prove to 
be the case; usually a distinet difference 
could be seen between hypertensive and 
normotensive animals that were treated in the 
same way but did not develop hypertension. 
These abnormalities were more thoroughly 
studied in figure-eight 


renal hypertension. 
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Usually the cells in the wall of the aorta had 
more water, sodium, potassium, phosphorus, 
and magnesium, per given unit of dry weight, 
than normotensive control animals. This is 
also the case in DCA hypertension. Within 
the past year we have done some further 
studies along these lines analyzing for sodium, 
potassium, and water, but have not analyzed 
for magnesium and phosphorous. The same 
alterations in these substances were found in 
rats with so-called post-desoxycorticosterone 
hypertension. Animals undergoing the same 
regimen without developing the permanent 
hypertensive syndrome did not show the elec- 
trolyte changes. In severe adrenal regenera- 
tion hypertension the same type of electrolyte 
abnormality could be seen. 

The studies in acute DCA hypertension 
proved very interesting. We were always 
troubled by the fact that in these rats the 
aorta seemed to have an increase in both so- 
dium and potassium, whereas muscle cells 
have a great rise in sodium and a decrease in 
potassium. In this experiment a number of 
rats received DCA. A few rats developed a 
small rise in blood pressure that would be 
called very mild hypertension, and we also 
had a number of other rats that developed 
fairly severe hypertension. In the rats with 
extremely mild hypertension the sodium con- 
centration in the aorta wall went up, but the 
potassium concentration actually went down. 
In this group we see the same type of response 
one would expect in such tissues as skeletal 
muscle. However, in the rats which devel- 
oped severe hypertension from acute DCA 
administration, both sodium and potassium 
went up. I think that this increase in potas- 
sium is related to the hypertension per se, and 
I think the change in sodium concentration 
is also related to the hypertension, since it 
was a good deal higher in the severely hyper- 
tensive animals than in the mildly hyperten- 
sive animals. These analyses are on the wall 
of the aorta and it is the narrowing of the 
arterioles, after all, that causes the blood 
pressure elevation ; we are analyzing the wal) 
of a big artery, not that of an arteriole. Ob- 
viously what we find in the big artery only 


gives us a possible clue to what might be o 
curring in the arteriole. We must find ou 
what is actually going on in the arterioles fo 
this to be genuinely applicable to studies o 
various types of hypertension. We are tryin 
this now, but I am not sure whether or no 
we will get any results. 


SUMMARY 

Dr. Findley reviewed his previous studies i 
which salt hyperexcretion in hypertensio 
followed the pattern seen in adrenal hyper 
function and reemphasized the evidence fo 
an unusual cellular change in the anterio 
pituitary gland in renal and renoprival hy 
pertension. He reviewed work in progress i! 
which he is attempting to reproduce Skelton’ 
type of adrenal regeneration hypertension it 
dogs and puppies. 

Dr. Tobian reviewed the current status 0! 
his studies on electrolyte changes in the tis 
sues in animals made hypertensive by various 
technics. 
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Conference on Electrolyte and Adrenal Factors in 
Human and Experimental Renal Hypertension 


Led by Davin F. Bonr, M.D. 


R. BOHR: I would like to hear first from 

Dr. Leonard about some work he has 

lone with the artery strip. I have asked 

lim to tell us also about a factor he has found 

in hypertensive plasma that differs from that 
in normal plasma. 

Dr. LEoNaRD: Last year I did some work 
on artery strips made by cutting rabbit 
carotid artery in the form of a helix... My 
viewpoint was somewhat different from Dr. 
Bohr’s in that I was interested not only in 
the reactivity to a given stimulus but also in 
tone or baseline tension. I won’t bore you 
with definitions of tone at the moment.? In 
these experiments, then, tension rather than 
shortening was measured, the strip being 
suspended between a fixed point and a strain 
gage cantilever. In figure 1 is seen the 
response of this rabbit carotid artery strip 
to electric stimulation using a short train of 
AC current. These are photographs of a 
continuous experimental tracing. The dis- 
tance from the bottom line to the top line is 
the same in each of these sets of tracings. 
At point zero the strip was stimulated elec- 
trically and you ean see that a contractile 
response occurred. At A, the Krebs_ bicar- 
bonate solution bathing the strip was changed 
to one containing no potassium, and the strip 
was again stimulated at the 20 minute point 
on the tracing. The magnitude of the tension 
response is somewhat increased over the con- 
trol, but what I want to emphasize is that 
the time required for relaxation is increased. 
Indeed, by the end of 20 minutes you ean 
see (C1) that the tension of this strip is above 
the base line. The phenomenon is more 
marked after another stimulation, at the 40 
minute point, and you can see that this strip 
shows no indication of dropping back to its 
original base line tension. This is in a solu- 


When the 
bath is replaced by a solution containing 


tion containing no potassium. 


potassium, as was done at point F’, the tension 
immediately, or quite rapidly, returns to the 
base line value. Electric stimulation is then 
followed by rapid and complete relaxation. 

In figure 2 you see a similar phenomenon, 
this time produced not by a potassium-free 
bath but by a solution, added at A, which 
contains strophanthidin. As you probably 
know, it is now thought that cardiae glyco- 
sides cause a intracellular 
potassium.? The preparations represented by 
these 2 figures have in common the fact that 
intracellular potassium is decreased. In both 
the base line does not return to normal. In- 
deed, at point C in the third tracing contrae- 
ture occurs. One of the pretty things about 
this phenomenon is that it is quite reversible. 
At 45 minutes the strip was washed, the wash- 
ing artifacts can be seen, and tension returned 
to normal. The post-strophanthidin response 
(60 minutes) resembles the control. It ap- 


decrease in 


pears, then, that base line tension can be in- 
fluenced by the level of intracellular potas- 
sium. 

Dr. Bohr related epinephrine-responsive- 
ness to membrane potential and then pointed 
out that the membrane potential depends on 
the ratio of potassium concentration inside the 
cell to the potassium concentration in the ex- 
tracellular fluid. The membrane potential de- 
pends on the log K,/K,. This means that 
changes in intracellular potassium which may 
be very large in terms of the effect on the con- 
tractile properties of the actomyosin will pro- 
duce very small changes in the membrane po- 
tential. Just to take an example, if you have 
a potassium concentration in the cell of 100 
mEq. per lL. and a potassium concentration 
outside of 5 mEq. per L. giving a ratio of 20, 
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Fic. 1 Left. Effect of potassium-free Krebs solution on arterial strip. 
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Continuous tracing; 


«abscissa, time; ordinate, tension. Electric stimulus applied at 0, 20, 40 and 60 seconds. At A, 


normal Krebs solution replaced by K*-free Krebs solution. 
free Krebs solution. Note elevated base line 


normal Krebs solution. 


Fic. 2 Right. Effect of strophanthidin on artery strip. Continuous tracing; 


At B and D, one washing with K*- 


at C, contracture at FE. At F, bath replaced with 


electric stimula- 


tion applied at 0, 15, 30 and 60 seconds. Strophanthidin added at A, to give bath concentration 
of 30 ug. per ml. Note elevated base line at B, contracture at C. Strophanthidin washed out at 


45 seconds. (Figures 1 and 


the logarithm of the ratio is 1.30. If the po- 
tassium inside the cell goes from 100 to 110, 
the ratio increases from 20 to 22 and the 
logarithm is 1.32. The change in membrane 
potential accompanying this large change in 
potassium concentration will be very small. 
If increases in intracellular potassium have 
to do with changes in responsiveness or 
changes in base line tension, I do not think 
that this is mediated by the membrane poten- 
tial. 

Dr. Bonr: Say a few words about the fac- 
tor in the plasma. 

Dr. LeonarpD: Dr. Bohr gave me this time 


2? reprinted from Am. J, Physiol. 189: 185, 1957.) 


on the proviso that I would summarize the 
work that Dr. Steven Hajdu and I* have been 
doing in the last year and a half. This has 
to do with the action of plasma on frog cardiac 
muscle. We have found that there is a sys- 
tem in plasma which has a rather striking 
effect on certain contractile properties of car- 
diae muscle. We selected a group of patients 
with severe essential hypertension with all 
the secondary changes in appropriate organs. 
When this group is compared with a group of 
normal persons, a striking difference in the 
amount of plasma activity is evident, with 
the severe essential hypertension group hav- 
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ig higher activity. Since September 1956 we 
ave been trying to characterize this system. 
\ll we can state at the moment is that it con- 
We feel 
hat we cannot say anything about the bio- 
ogi¢e significance of this system until it is 
solated and studied. 

Dr. Bour: Would you say that there is a 
lifference between hypertensive and normal 


ains at least 2 protein components. 


plasma ? 
Dr. LeonarD: We have found a difference. 
Dr. Bonr: I would like to ask Dr. Sturte- 
vant to tell us about a new hypotensive 
steroid. 
Dr. StuRTEVANT: Since it 
that desoxycorticosterone is capable of 


is well-known 
in- 
ducing a self-sustaining hypertension in the 
rat (metacorticoid hypertension)® we have 
heen investigating the ability of synthetic 
steroids to reverse this hypertension in the 
hope that eventually some sucii steroid might 
A 
compound of recent interest to us was SC- 
6584 (17a propyl-4, 5 €-dihydro-19-acrtestos- 
terone) synthesized by Dr. F. B. Colton and 
L. M. Nysted, which was found to be hypo- 
tensive in acute experiments on metacorticoid, 
and 
hypertensive rats.® 

The 
SC-6584 on the blood pressure of metacorti- 


induee a_ self-sustaining normotension. 


perinephritic, ‘‘adrenal-regeneration ”’ 


results of echronie administration of 


coid rats are depicted in figure 3. 
the 
sacrificed at the end of the treatment period. 


The upper 
curve represents controls, which were 
The lower curve represents the treated group, 
half of which were sacrificed with the con- 
trols. Similar results were obtained when the 
experiment was repeated with chronic peri- 
nephritic hypertensive rats (fig. 4). 

The interaction of SC-6584 with DCA was 
studied in the next experiment. Group A 
served as untreated control rats, group B re- 
ceived a 20 mg. DCA pellet only, group C, 44 
daily injections of SC-6584, and group D, a 
DCA pellet plus SC-6584 injections. The 
measurements of fluid and sodium intake, out- 
put of water, sodium, and potassium, and the 
urinary sodium: potassium ratio all showed 


the same general trend as exemplified in 
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Fig. 3 Effect of SC-6584 and 
solvent (broken line) on blood pressure of metacorti- 


Top. (solid line) 


coid rats. Six rats per group unless otherwise noted. 
Significance of changes in pressure: p > 0.05 (solid 
circles), p < 0.05 (halved circles), p < 0.01 (open 
cireles). 

Fic. 4 Bottom. 
(broken 


Effect of SC-6584 
blood 
perinephritie hypertensive rats. 


(solid line) and 
of 


Probabilities as in 


solvent line) on pressure chronie 


> 


figure 3. (Figures 3 


col. § 


and 4 reprinted from J, Pharma- 
Exper. Therap. 121: 369, 1957.) 


figure 5 for sodium exeretion. The action of 
SC-6584 was opposite that of DCA in both 
the DCA and the non-DCA treated groups. 
SC-6584 has been found to be essentially de- 
void of any other kind of steroid property in 
standard The 
single exception is barbiturate potentiation ; 


tests run by our division. 
however. the substance has no anesthetie ac- 
tion by itself and is nontoxie in large doses. 
In the investigation of some 2 dozen deriva- 
tives of SC-6584 (20 mg. per Kg. subeutane- 
ously) for their acute hypotensive potencies 
in the metacorticoid rat, we uncovered homo- 
log specificity that may be of some interest 
(fig. 6). In the 4, 5-dihydro series, the ae- 
tivity of the propyl SC-6584, was shared by 


In 


fact, the ethyl compound was still inactive at 


the methyl, but not by the ethyl homolog. 
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kic. 5. KEniect of 44-day treatment with a_ total 
dose of 800 mg. per Kg. SC-6584 on sodium excretion 
of rats with DCA or wax pellet implants. Abscissa 


marked in 4-day intervals. Six or 7 rats per group. 





doses up to 60 mg. per Kg. It is interesting 
to compare this situation with that found in 
the 4, 5-dehydro series, where the methyl was 
inactive and the ethyl and propy] were active. 

In summary, SC-6584 is a nontoxic steroid 
with a hypotensive action separable from 
other steroid actions and with an effect on 
water and electrolyte metabolism opposite to 
that of DCA. 

Dr. Bour: Although Dr. Sturtevant does 
not consider it as such, this could be used as 
strong evidence for the involvement of the 
adrenal glands in hypertension. Let’s hear 
from Dr. Fregly who can discourage such a 
concept. 

Dr. Frecity: There is almost complete 
agreement that adrenalectomy of renal hyper- 
tensive animals and man ts followed by reduc- 
tion of blood pressure toward normal levels.‘ 
There is further agreement that replacement 
of the adrenocortical hormones in adrenalee- 
tomized-hypertensive animals or man returns 
the blood pressure to hypertensive levels.* 
This would seem to indicate that adrenalec- 


‘ 


tomy does not ‘‘cure’’ hypertension but that 
algebraic summation of the effect of adrenal- 
ectomy added to the effects of hypertension 
produces a reduction in blood pressure. This 
makes it difficult to evaluate the role of the 
adrenal cortex in the maintenance of hyper- 
tension. Whether pressure is maintained by 
a substance or substances elaborated in ex- 
cess by it, or whether this fall in blood pres- 
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Fig. 6. Acute hypotensive activity, at 20 mg. per 
Kg., of related steroids in the metacorticoid hyper- 


tensive rat. 


sure following adrenalectomy really results 
from indirect changes accompanying ablation 
of the adrenal glands is not yet completely 
settled. 

I therefore tried to study the role of the 
adrenal in the development of renal hyper- 
tension.® I wished to determine whether it 
was possible to produce hypertension in 
adrenalectomized rats by latex encapsulation 
of both kidneys. Both male and female rats 
of the Sprague-Dawley strain were used. 
Fifty-four female rats were adrenalectomized 
and their kidneys were encapsulated in a 
single-stage operation. Twenty-five other fe- 
male rats were adrenalectomized to serve as 
controls. Eighteen male rats were used and 
the procedure varied somewhat; these were 
adrenalectomized first and 2 weeks later their 
kidneys were encapsulated. Thirteen other 
male rats were adrenalectomized to serve as 
controls. The results are shown in figure 
7. In both male and female adrenalecto- 
mized-eneapsulated rats the blood pressure 
rose to a high level which was maintained. 
The control adrenalectomized rats did not 
show a significant elevation in pressure. When 
parts A and B of this figure are compared, 
it will be observed that the time course of the 
elevation of pressure and the maximal eleva- 
tion obtained are similar for adrenalecto- 
mized-eneapsulated rats and encapsulated 


‘ats with intact adrenal glands. 
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QuESTION: What are these rats being 
t eated with, Dr. Fregly? 

Dr. Freaty: These rats are on Purina 
viet, with a choice between water and 0.9 per 
‘ent sodium chloride solution as drinking 

uids. 

In an experiment such as this it is extreme- 
vy important to determine whether or not the 

nimals are completely adrenalectomized, that 
s, Whether there is any accessory adrenal tis- 
ue present. To assess completeness of adre:- 
lectomy I have (a) subjected all rats to cold 
ir (9 C.) to test their ability to maintain 
ody temperature, (b) measured their growth 
‘ates, (¢) measured fluid intakes when the 
inimals were given choice between water and 
).9 per cent sodium chloride solution to drink, 
ind (d) autopsied all rats to determine 
whether adrenal tissues were present. Adren- 
alectomized-encapsulated rats cooled approxi- 
mately twice as fast as normal or eneapsu- 
lated rats. Growth rates of adrenalectomized- 
encapsulated rats were similar to those of 
adrenalectomized rats and both of these 
groups grew more slowly than either normal 
or encapsulated rats. The amount of 0.9 per 
cent sodium chloride solution ingested by 
adrenalectomized-encapsulated rats was simi- 
lar to that by adrenalectomized rats ; however, 
water intake of adrenalectomized-encapsu- 
lated rats was 2 to 3 times greater than that 
of adrenalectomized rats. Autopsies revealed 
no adrenal tissue in either adrenalectomized 
group. The heart weight to body weight ratio 
of adrenalectomized-eneapsulated rats was 
similar to that of encapsulated rats. Both 
these groups had significantly larger heart 
weights than either normal or adrenalecto- 
mized rats. In conclusion, I feel that adren- 


alectomy was complete and that hypertension 
can be induced in adrenalectomized rats. It is 


also true that bilateral adrenalectomy of es- 
tablished hypertensive rats will reduce the 
elevated blood pressure. Future experiments 
must elucidate whether the role of the adrenal 
cortex in the maintenance of renal hyperten- 
sion is a direct or an indirect one. 

Dr. Bonk: Now let us look at some of 


the conference questions. The first one is: 


0 13 16 
WEEKS 


Fig. 7. Average weekly blood pressure measure- 
ments of adrenalectomized, kidney-eneapsulated  fe- 
male (black square) and male (black circle) rats. 
Operation at zero time for the females, single stage 
adrenalectomy and eneapsulation; for the males, en- 
capsulation 2 weeks after adrenalectomy. B. Average 
weekly blood pressure measurements of normal rats 
(open circles) and rats with kidneys eneapsulated 
and adrenals intaet (black circles). (Reprinted 
from Am. J. Physiol. 191: 542, 1957.) 


‘*What is the role of the adrenal hormones 
Dr. Dus- 
tan has already evaluated various possibili- 


in various forms of hypertension?” 


ties. This diagram indicates possible relations 
between the kidney and the adrenal cortex in 
the production of hypertension : 
Kidney—adrenal—hypertension 
Adrenal—kidney—hypertension 
Kidney—hypertension 
Adrenal—hypertension 
Other 
The panelists have heard the evidence and 
each will vote for his choice with a one sen- 
tence summary supporting his decision. Let’s 
start with Dr. Skelton. 
Dr. SKELTON: I‘ll take number 2, but I 
shall reserve my reasons for doing so until 


later. 
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Dr. Bonr: Dr. Findley? 
Dr. FinpLEy: Well, I vote for number 1. 
No very good reason except that I am struck 
with the fact that the kidney mass has to be 
reduced, apparently, before any of these 
glandular tricks will work. 

Dr. Bour: Dr. Tobian? 

Dr. Tosian: Is this in all types of hyper- 
tension or in adrenal hypertension ? 

Dr. Bonr: This is all types of hypertension. 

Dr. ToBian: Well, I vote for 2 and 3 both. 

Dr. Bour: Dr. Dustan? (Dr. Dustan has 
really already voted, but she may vote again. ) 

Dr. Dustan: I cannot do anything but 
accept them all. 

Dr. Bonr: Fine. Dr. Weller? 

Dr. WELLER: Well, it is a terrible question. 
I think that number 3 is probably the best 
choice that I can make, although I agree with 
Dr. Findley that number 1 is probably more 
attractive if we are talking about human es- 
sential hypertension. 

Dr. Morita: I think that I would also vote 
for number 1, especially as it applies to 
humans. 

Dr. Bonr: You have heard the jury’s ver- 
dict, and the answer is that we do not know 
the sequence of events. There obviously is 
some involvement of the adrenal gland and 
without belaboring its possible role, which was 
so adroitly evaluated by Dr. Dustan_ this 
morning, I should like to describe the simplest 
of possibilities in relation to the second ques- 
tion posed to this conference: ‘‘What is the 
effect of vascular reactivity and sodium dis- 
tribution between cells and extracellular space 
on the final mechanism in all forms of hyper- 
tension?’’ We might break this down and 
ask first: ‘‘Is vascular reactivity altered in 
hypertension?’’ Then the second part of the 
question would be: ‘‘Is there an altered elec- 
trolyte distribution in hypertension?’’ <A 
simple mechanism for hypertension can be 
described if we are willing to concede that 
both of these questions have affirmative an- 
swers. Assuming that the primary determi- 
nants of vascular tone are the neurogenic- 
adrenergic influence and circulating epineph- 
rine, and that the shift in cell membrane elec- 
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trolyte gradients occurring in hypertension 
significantly increases the response of vascu 
lar smooth muscle to these stimuli, the whol 
problem of the mechanism of hypertension 
would be resolved, at least superficially. Let’s 
look at the question of vascular reactivity. I; 
it really altered in hypertension? What evi 
dence is there for altered vascular reactivity 
in hypertension? Would one of the panel car: 
to tackle this question ? 

Dr. Tosptan: Well, I’d like to make a few 
comments. <A lot of people have made studies 
suggesting that vascular reactivity is altered. 
If you study the circulation in the forearm!" 
or nail bed'! you can show that it takes a 
smaller amount of adrenaline in a hyperten- 
sive patient to cause a given decrease in blood 
flow. This has been interpreted as a greatly 
heightened reactivity. I think we will have 
to admit that it takes less adrenaline to cause 
a given degree of reduction of flow in hyper- 
tensive individuals, but I do not think this 
necessarily means that the individual muscle 
fiber is hyper-reactive, and this is really the 
basie question. These studies are always com- 
paring normotensive and hypertensive per- 
sons, and the initial size of the lumen of the 
arterioles is not the same to begin with. The 
hypertensive individual always has a narrow- 
er arteriolar lumen than does the normoten- 
sive, otherwise he would not be hypertensive. 
Since arteries in different conditions are be- 
ing compared, the fact that it takes less 
adrenaline to get the same degree of constric- 
tion really has not satisfactorily proved that 
the fiber is actually more sensitve to adrena- 
lin. It may be, but I do not think that it has 
been proved by the 3 or 4 studies of this gen- 
eral type. It can be shown geometrically that 
waterlogging of arterioles, hypertrophy of ar- 
terioles or some initially increased shortening 
of arteriolar smooth muscle can produce an 
apparent or artificial induction of hyper-re- 
sponsiveness when the actual muscle fiber has 
normal responsiveness. Moreover, as the ar- 
terioles become narrower the apparent viscos- 
ity of the blood increases, producing a greater 
resistance to flow. This factor could possibly 
give the picture of hyper-reactivity of the hy- 
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pertensive arteriole even if the actual smooth 
muscle fibers were normally reactive. 

Dr. Bour: We are not starting then from 
a common baseline. To get around this prob- 
lem we have used strips from normotensive 
and hypertensive rat aortas in this type of 
study. Both renoprival hypertensive rats and 
renal ischemic hypertensive rats have been 
used. We were discouraged to find that the 
responses to epinephrine of these isolated 
aortic strips from the hypertensive rat were 
not as great as those from the normal rat. 

Dr. LEONARD: I am delighted to hear about 
these results. I am not surprised that in ex- 
perimental hypertension in which, according 
to Dr. Tobian’s studies,!* the concentration 
of sodium in the arterial walls is increased, 
you find reactivity decreased. I have always 
been rather attracted, perhaps more than Dr. 
Tobian himself, by his ingenious suggestion 
that in experimental hypertension the arteri- 
olar lumen might be narrowed, at Jeast in 
part, by encroachment of edematous walls.™ 
It is possible that the reactivity of such ves- 
sels to certain stimuli is actually decreased in 
Vivo. 

Dr. TosiAN: I am not unattracted to this 
waterlogging hypothesis. Dr. Redleaf and I 
have studied the reactivity of spirals of rat 
aorta in various types of experimental hyper- 
tension and have found no evidence of hyper- 
reactivity to norepinephrine in any spirals 
from hypertensive rats. 

Dr. Bonr: Thank you. I think it is im- 
portant to emphasize that these are large ar- 
tery studies and there are differences in re- 
sponsiveness between the aorta and the ves- 
sels that determine vascular resistance. For 
instanee, the aortic strip will not respond to 
vasopressin in concentrations which cause a 
marked increase in vascular resistance. 

Dr. HetMer: Why use epinephrine when 
apparently the catechol amines have nothing 
to do with essential hypertension—they have 
to do with pheochromocytoma? I do not think 
that epinephrine sensitivity is important in 
essential hypertension. 

Dr. Bounr: The question of the agent we 
use certainly is pertinent, because I am sure 


that the reactivity would vary with different 
stimuli. However, whether the animal is 
normotensive or hypertensive, his vessels are 
being subjected to norepinephrine. This is a 
physiologic stimulus. 

Dr. Skxeaes: Yes, but I understand that 
you were using epinephrine. 

Dr. Bour: We were. Epinephrine does 
the same thing as norepinephrine to the rab- 
bit artery strip. 

Dr. Skeces: Are we then to understand 
that in the paper presented earlier concern- 
ing contraction of the muscle strip, that nor- 
epinephrine would give exactly the same pie- 
ture? 

Dr. Bonr: 
in that study, but norepinephrine gives a re- 
sponse of the artery strip which we have not 
seen to be different from that given by epi- 
nephrine. 


I did not use norepinephrine 


Dr. Skeaces: I protest this extrapolation 
from one compound to another. I do not know 
how you can be sure until you have done the 
experiment with both compounds. 

Dr. Bour: We have used both compounds 
on the strip, but not in this study. I would 
like to point out, however, that we are using 
concentrations of epinephrine that are in the 
circulating blood and therefore the vessels are 
subjected to this concentration of epinephrine 
physiologically, so the responsiveness to epi- 
nephrine itself is pertinent in these electro- 
lvyte studies. 

Dr. Skeaes: I would like to go along with 


Dr. Helmer. It seems to me that since hyper- 
tensin, or angiotonin, has been indicated in 
hypertension, that would have been the sub- 
stance to use. 


Dr. Bour: I hope Dr. Helmer will do that ; 
we have not been able to get the strip to re- 
spond without developing tachyphylaxis to 
angiotonin. 

Dr. HetMer: To some rabbit aortie strips 
angiotonin can be added for 10 to 12 hours 
without tachyphylaxis. One strip may be 
practically insensitive to angiotonin, yet very 
sensitive to epinephrine and vice versa. 

Dr. Bonr: There are consistent differences 
between the rat aortic strip and the rabbit 
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have one more question on reactivity. 





Dr. Sancerta: Is it wise to give so much 
emphasis to an aortic strip which physiologi- 
cally, possibly biologically, certainly neuro- 
genically, differs so totally, both in the normal 
and the abnormal response, from the arterio- 
lar bed? 





























Dr. Bour: I would certainly welcome any 
experience which anyone here has had com- 
paring responsiveness of an isolated perfused 
system from normotensive and hypertensive 
animals. Do we have any such offerings? 

Dr. Tosian: Dr. Duff!’ in England has re- 
cently published some, but he has the old 
problem that the normotensive and hyper- 
tensive do not start from the same place, so 






































they cannot be compared—it is a tough situa- 
tion experimentally. 














Dr. Bonr: As soon as we get arteriolar 
strips working, we can answer Dr. Sancetta’s 
question. Time is such that we had better get 
on to say a word about the interesting prob- 
lem in the kidney. The kidney’s handling of 
electrolytes in hypertension differs from nor- 
mal. Dr. Hollander, would you care to tell 
us a thing or two about this? 

Dr. HoLuanper: I’d like to add some of 
our observations!* to some of the findings that 
were presented this morning on the excretion 
of sodium and water in hypertensive individ- 
uals. First, we would like to confirm the ob- 
servation that hypertensive individuals, in- 
cluding those with renal hypertension, have 
an increased capacity to excrete sodium.’ 
Additional studies carried out on hyperten- 

































































sive individuals following treatment also sug- 








gest that the excretion of sodium following 





an infusion of hypertonic saline is to a large 
degree dependent upon the arterial pressure.'® 
Associated with reduction in arterial pressure, 
sodium excretion following the saline load is 
reduced to or towards normal. This reduc- 
tion in sodium excretion produced by anti- 
hypertensive treatment may occur without a 
significant change in the control sodium exere- 
tion which remains abnormally elevated, or in 
the glomerular filtration rate and renal plas- 
ma flow. 
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strip which will support this thesis. Let us 












Likewise, we have studied the renal re- 
sponses to intravenous hypertonic saline in 
splanchnicectomized and adrenalectomized 
hypertensive individuals and find that they 
also have an increased capacity to excrete so- 
dium.'* These observations suggest that the 
hyperexcretion of sodium by hypertensive 
subjects does not necessarily depend upon an 
overactive sympathetic nervous system or 
adrenal gland. 

Hypertensive individuals not only have a 
disturbance in sodium excretion, but also in 
water excretion.’® Subjects with essential or 
renal hypertension, during an infusion of 5 
per cent glucose in water at a rate of about 
12 ml. per minute, have a water diuresis which 
is significantly less than that found in normo- 
tensive individuals. This impairment in 
water excretion likewise is corrected by anti- 
hypertensive treatment. It *.. -efore appears 
that disturbances of electroly.c and water me- 
tabolism in arterial hypertension may result 
from, and not necessarily cause, an elevated 
blood pressure. 

Dr. Bonr: A vote for a mechanical pres- 
sure factor rather than an electrolyte metab- 
olism factor as being primary ? 

Dr. HoLLANDER: Correct. I’d like to men- 
tion some further observations on electrolyte 
and water metabolism which might be of help 
in clarifying the role of the adrenal cortex in 
arterial hypertension. We have compared 
exchangeable body sodium (Na** space), po- 
tassium (K** space) and extracellular fluid 
volume (S*°O, space) in a group of 80 sub- 
jects with and without hypertension.’® These 
were found to be perfectly normal in essen- 
tial hypertension and in renal hypertension 
caused by bilateral kidney disease. These ob- 
servations are in contrast with those in hyper- 
tension essociated with clinical overactivity 
of the adrenal cortex or the administration 
of steroids, in which body potassium is low 
while body sodium and extracellular fluid vol- 
ume are normal or elevated. In keeping with 
Dr. Conn’s observations after surgery, we 
have found that the correction by diet of the 
electrolyte disturbances in primary hyper- 
aldosteronism prior to surgery is not neces- 
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sarily accompanied by a reduction in the blood 
pressure.*" 

Dr. Bonr: Dr. Weller has a few sentences 
eoneerning the relationship of the increased 
pressure to the rejection of sodium by the 
renal tubule. 

Dr. WELLER: I just want to mention that 
Selkurt in 1951,?! using a perfused dog kid- 
ney preparation, showed that a reduction in 
the mean renal arterial pressure, without a 
change in para-aminohippurate or creatinine 
clearance, caused a reduction in sodium ex- 
cretion and urine volume. An increase in 
pressure resulted in an increase in sodium 
excretion and urine volume. Here again it 
appears that the arterial pressure itself is the 
controlling factor in the exeretion of sodium. 

Dr. Sapirstein: Dr. Weller has shown 
that the hypertensive patient exhibits an in- 
creased exeretion of sodium under load. 
Others have shown that hypertensive animals 
seem to have excessively high sodium in the 
body. The reconciliation of these findings 
‘aises an interesting point. 

It is too often forgotten that the kidney is 
not only an excretory organ but also a regu- 
latory one which serves to control not only 
the volume but, more importantly, the compo- 
sition of the body fluids. When it is shown 
that a hypertensive kidney excretes sodium 
in excess of the normal, one is compelled to 
ask at once: How does this excretory abnor- 
mality alter the internal environment? Clear- 
ly, if water is excreted with the sodium so that 
the urine sodium concentration is the same as 
that which exists in the plasma, the hyper- 
tensive kidney has produced a change in the 
volume but not in the sodium concentration 
of the extracellular fluid. In the same sense, 
a kidney which eliminates a strong sodium 
solution leaves behind in the body a weak 
one, just as a kidney which excretes a weak 
salt solution leaves behind a strong one. 

A few years ago, like many others, IT was 
attracted by the idea that many forms of hy- 
pertension had in common an ionic abnormali- 
ty, particularly an increase in the concentra- 
tion of sodium in the body fluids. 

In experiments on the excretion of sodium 


and water in rats loaded with hypotonic, iso- 
tonie and hypertonic saline solutions, we first 
found that the pattern of sodium excretion 
in the hypertensive rat did not differ signif- 
icantly from that displayed by the normal 
rat,** but upon closer examination it devel- 
oped that the hypertensive animals invaria- 


bly excreted water at a greater rate than the 
controls. The urine of the hypertensive ani- 


mal when hypotonically loaded was more hy- 
potonic than that of the normals. The hyper- 
tensive’s urine was slightly hypotonie in ani- 
mals isotonically loaded and it was less hyper- 
tonic than the control urine in hypertoni- 
cally loaded rats. In every case the solution 
left in the animal was more concentrated with 
respect to sodium in the hypertensive than in 
the normotensive animal. Thus there is a 
defect in the regulation of sodium coneentra- 
tion in the hypertensive animal even though 
this defect is not revealed or may even be 
wrongly described by measuring the urinary 
excretion of sodium alone. 

I would like to urge that when sodium ex- 
cretion is discussed it should always be dis- 
cussed in relation to water excretion. By so 
doing the functional activity of the kidney in 
controlling the composition of the body fluids 
can be placed in evidence. 

Dr. Boner: Dr. Skelton, let’s hear about 
your adrenal regeneration hypertension. 

Dr. SkeLton: I wanted to hear the opin- 
ion of the panel regarding the pathogenesis of 
hypertension before I said anything about my 
views on the genesis of that form of experi- 
mental hypertension which has interested me 
for the last couple of vears—‘adrenal-regen- 
eration hypertension’ ’** —and about which 
Dr. Findley talked this morning. I have col- 
laborated with Dr. Findley in those dog ex- 
periments which were done to see whether we 
could produce a significant degree of hyper- 
tension in this species by the procedure of 
unilateral nephrectomy, unilateral adrenalee- 
tomy and contralateral adrenal enucleation. 
In the rat the hypertension develops as the 
adrenal cortex regenerates, hence the name. 
Up to the present time we have studied 9 
puppies and 7 adult dogs. In the puppies, 
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uniformly, there was either no adrenal regen- 
eration, or such a small amount that it was 
insignificant, and no hypertension. In the 
adult dogs, the adrenals from 5 of the 7 ani- 
mals have been studied and in all cases where 
hypertension was present there was signifi- 
cant regeneration of the adrenal cortex. How- 
ever, the degree of regeneration was in no 
way comparable to that which occurs in the 
rat where the regenerated adrenal gland may 
weigh almost as much as both adrenal glands 
of control animals. Hence, I think that our 
failure thus far to obtain as severe a type of 
hypertension in the dog as in the rat may be 
the result of inadequate adrenal regeneration. 
Nevertheless, the fact that some elevation of 
blood pressure did oceur in this species under 
these conditions seems to me to be a signifi- 
cant observation. 

One of our projects has centered .round 
whether or not adrenal-regeneration hyper- 
tension will persist after the regenerated 
adrenal has been removed. In a preliminary 
experiment done some time ago, 3 of 22 ani- 
mals developed persistent hypertension. In 
this last series 17 of 19 animals which sur- 
vived for 5 weeks following the removal of 
the regenerated gland had persistent hyper- 
tension. Of course, this is only if the animals 
were allowed to continue drinking sodium 
chloride. Thus, the reason I chose mecha- 
nism no. 2 was that from my studies on adre- 
nal-regeneration hypertension, the working 
hypothesis has been developed that the re- 
generating adrenal produces an elevation of 
blood pressure as a result of some abnormality 
of steroid production. This then acts on the 
kidney to produce lesions of some type, either 
morphologic or chemical, leading to the liber- 
ation of a pressor principle or exciting some 
renal mechanism which ultimately produces 
a sustained type of hypertension which no 
longer is dependent upon the adrenal cortex. 

Dr. Bour: Dr. Dustan has a closing 
thought. 

Dr. Dustan: The subjects of this discus- 
sion have ranged widely around the central 
topic of. ‘‘the role of adrenal steroids and 
electrolytes in renal hypertension.’’ From 
this one might get the idea that we are more 


interested in isolated facts than in the synthe- 
sis of facts. We are not that irresponsible. 
To take a specific point: we have talked much 
about the roles of sodium and potassium in 
the genesis of experimental and clinical hy- 
pertensive disease, but we cannot define these 
roles because we cannot measure intracellular 
electrolyte composition. Here, as always, our 
results are only as good as our methods and 
our understanding of the actual participation 
of sodium and potassium in hypertension must 
await the development of better methods. 


SuMMARY 

In addition to reviewing evidence bearing 
on the broad relationship of adrenal and elee- 
trolyte changes to the pathogenesis of hyper- 
tension, this conference considered more spe- 
cifically the changes in vascular reactivity and 
electrolyte excretion in hypertension. 

Supporting the theory of an adrenal mech- 
anism in hypertension was evidence that the 
development of adrenal-regeneration hyper- 
tension in different species may bear a direct 
relationship to the degree of adrenal regen- 
eration (Dr. Skelton), and that a steroid hav- 
ing electrolyte action opposite to that of 
desoxycorticosterone is hypotensive in action 
both in DCA and renal ischemic hyperten- 
sion, but not in normotensive animals (Dr. 
Sturtevant). On the other hand, it was ob- 
served that adrenalectomy does not alter the 
development of hypertension produced by 
kidney encapsulation in the rat (Dr. Fregly). 

Although it is probable that constrictor 
agents cause a greater increment in vascular 
resistance in hypertension than in normoten- 
sion, the interpretation of this relationship in 
terms of responsiveness of vascular smooth 
muscle is fraught with difficulties: 1. The 
base line of vascular resistance in hyperten- 
sion is different from that in normotension, 
and it is possible that the increment in re- 
sistance for a given amount of smooth muscle 
shortening is greater in the constricted than in 
the normal vessel (Dr. Tobian). 2. It is pos- 
sible that the increase in resistance in hyper- 
tension is due to the encroachment of the 
edematous blood vessel wall into the lumen 
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without an increase in tone of vascular smooth 
musele (Dr. Tobian). 3. The responsiveness 
to epinephrine of aortic strips from hyper- 
tensive animals is less than (Dr. Bohr) or no 
greater than (Dr. Tobian) that from the nor- 
mal animal. The pertinence of the aortic 
strip studies was questioned, both because the 
aorta differs in function (Dr. Saneetta) and 
responsiveness (Dr. Bohr) from the arteriole 
and because epinephrine was used in these 
studies (Dr. Skeggs). The problem of tachy- 
phylaxis of the isolated artery strip in re- 
sponse to angiotonin may not yet be resolved 
(Drs. Bohr and Helmer). 

In hypertension there is an increase in so- 
dium exeretion by the kidney which is ae- 
centuated by the administration of a sodium 
chloride load. This abnormality reflects an 
impairment of the tubular reabsorption of 
sodium which is related to an impaired re- 
absorption of water (Dr. Sapirstein) and is a 
direct function of the arterial blood pressure 
(Drs. Hollander and Weller). 
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Introductory Remarks Concerning Neural 
Factors in Essential Hypertension 


By Epvear A. Kaun, M.D. 


The vasoconstrictor effect of neural stimuli from frontal and hypothalamic centers to the blood 
vessels, including the renal arterioles, is revie ved. Such a theory of the pathogenesis of hy- 
pertension is probably deficient, since humoral or atherogenic factors also play a part. Never- 
theless, splanchnicectomy may sometimes alleviate superimposed vasoconstriction and help in 


treatment of the patient. 


Y INTEREST in hypertension began 

when I assisted Dr. Max Peet at his 
first splanchnic section for hypertension in 
1933. The patient was an extremely sick 29- 
year-old man whose blood pressure did not 
drop below 260/150 mm. Hg on bed rest. He 
was almost blind from hemorrhages and exu- 
dates and showed papilledema of 4 diopters. 
We would now consider the operation on this 
patient an inadequate sympathectomy al- 
though the splanchnic nerves were divided. 
The patient’s blood pressure, nevertheless, fell 
to normal and remained there for almost 10 
years, his vision becoming perfect. 

The theory on the basis of which Dr. Peet 
performed his first splanchnicectomy was that 
of shunting the blood from the peripheral cir- 
culation into the splanchnic area, thus pro- 
viding a safety valve. He also believed that 
splanchnic section would diminish neurogenic 
When the work of Dr. 
Goldblatt appeared we realized that there 
might be a third mechanism that the operation 
relieved when it was successful, that is, renal 
vasoconstriction. I visited Dr. Goldblatt soon 
after his first paper appeared, and will never 


adrenal secretion. 


forget his kindness and modesty, nor his reti- 
cence in accepting our belief that splanchnic 
section might relieve essential hypertension 
by removing the theoretical Goldblatt clamps 
of renal vasoconstriction. 


From the Department of Surgery, University of 
Michigan Medical School, and the Section of Neuro- 
surgery, University of Michigan Hospital, Ann Arbor, 
Mich. 


Dr. Peet believed that so-called essential 
hypertension was of neurogenic origin, origi- 
nating probably in the hypothalamus.  Ae- 
tually, this area is not a center of emotions 
itself, but a center for emotional expression. 
Stimulation of the hypothalamus produces 
dilation of the pupils, sweating, pilo-erection, 
and increase in blood pressure, as well as the 
emotional expression of fear, rage, and even 
crying. The actual emotions which give rise 
to expression by way of the hypothalamus, 
however, originate, certainly for the most 
part, in the frontal and temporal lobes. 

Some years ago Dr. Piero Foa was study- 
ing the preoperative and postoperative renal 
blood flow on Dr. Peet’s patients. He was do- 
ing this procedure on a preoperative labile 
hypertensive individual when a science re- 
porter entered the laboratory. The latter in- 
formed the patient that he was an exceedingly 
brave man to undergo such a dangerous ex- 
periment for the sake of mankind. The renal 
plasma flow immediately dropped to 10 per 
cent of the previously recorded level and the 
blood pressure reached astronomical figures. 
We have all seen a number of cases of hyper- 
tension relieved by the reassurance of the 
family physician, and it would make an ex- 
cellent theory that essential hypertension 
arises from a disturbance of emotion trans- 
mitted by way of the hypothalamus ultimately 
through vasoconstrictor nerves, but it can not 
be that simple. There must be another factor, 
an organic or chemical substratum in a fixed 


hypertension; for though many people are 
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emotionally disturbed, only a certain propor- 
tion of the same emotional type develop the 
disease. There is little doubt concerning the 
deleterious effect of the emotions in hyperten- 
sion, as in ulcer and in thyroid disease. There 
is equally little doubt that psychotherapy is 
not going to stop the progress of a hereditary 
atherosclerosis. To put it another way, if 
peripheral blood vessels are in vasoconstric- 
tion from an abnormal pressor substance, as 
Goldblatt showed, surgical exision of vaso- 
constrictor nerve fibers or their inhibition by 
ganglion blocking agents will have little ef- 
fect on the caliber of the vessels unless the 
formation of the pressor substance can be 
stopped. 

We might compare essential hypertension 
to Raynaud's disease. Raynaud’s disease is 
a syndrome which results from abnormal vaso- 
constriction usually in the upper extremities. 
In Raynaud’s original paper he stated that 
the disease was more common in nervous fe- 
males and realized the effect of the emotions 
in producing these attacks. We have seen the 
phenomena of Raynaud’s disease arising from 
a tumor of the hypothalamus, a tumor of the 
stellate ganglion, inflammatory lesions of the 
sympathetic ganglia, lesions of the spinal cord 
and lesions intrinsic in the blood vessels them- 
selves. Hypertension can persist (just as can 
Raynaud’s syndrome) after so-called total 
sympathectomy or after the neurogenic factor 
has been to all intents and purposes elimi- 
nated. The increased tonus of the smooth 
muscle of the blood vessels which gives rise to 
the increased peripheral resistance must then 
be intrinsic or have a chemical basis. 

Nevertheless, splanchnicectomy for hyper- 
tension has been successful in hundreds of 
cases. It could be considered a physiologic 
operation, however, only when a known cause 
of hypertension is being relieved, as for exam- 
ple, when neurogenie renal vasoconstriction 
is known to exist. Though I do not doubt that 
such renal vasoconstriction may be a common 
cause of essential hypertension in man, the 
cases where we can establish this at present 
are few and far between. 


We recently evaluated 257 cases operated 
upon only by Dr. Peet,! the dissection being 
cariied bilaterally to or above the sixth dor- 
sal ganglion, the splanchnic nerves and lower 
dorsal sympathetic chain being 
through the twelfth dorsal ganglion. 


excised 
I used 


only Dr. Peet’s cases as I do not believe the 
average surgeon or internist can evaluate his 
own results impartially. The study would have 
been fairer still had we used only men for 
evaluation, since women can so frequently 


tolerate severe hypertension for years. Sev- 
enty-eight per cent of the patients who had 
been operated upon survived at least 5 to 8 
years. Fifty-five per cent of the survivors 
maintained a drop in the diastolic pressure of 
20 or more points, from 5 to 8 years post- 
operatively. 

If we could only pick those patients who 
would respond to splanchnic section, I am 
sure that the operation would still be in 
vogue. When drugs or antirenin are pro- 
dueed which can lower the blood pressure of 
hypertensive patients without producing se- 
vere side effects, the operation will be aban- 
doned. Splanchnie section will then be a 
phase in the history of the treatment of hyper- 
tension, as was subtotal thyroidectomy in the 
relief of hyperthyroidism. Nevertheless, we 
have learned a lot about hypertension because 
of the operation. For example, we knew and 
published in 1935, after the first 60 splanch- 
nic sections had been performed, that opera- 
tion was invariably unsuccessful when azo- 
temia was present, that high blood pressure 
was not a compensatory phenomenon to force 
the blood through narrowed arteries, that the 
fundus changes of hemorrhages, exudates, and 
papilledema could disappear, and that vessel 
changes in the nature of medial hypertrophy 
at least could be reversed by operation.” 

In recent years, the men in the laboratories 
have contributed a great deal to our knowl- 
edge of hypertension. Certainly as knowledge 
increases, fewer and fewer cases will be called 
by that misnomer, essential hypertension. Al- 
ready many cases of unilateral renal disease, 
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coarctation of the aorta, and pheochromocy- 


toma have been removed from that category. 


The main solution of the problem of hyperten- 
sion still lies ahead, but the work of Goldblatt 
will remain as one of the great contributions 
of our time. 


KAHN 
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Baroceptor and Sympathetic Activity in Experimental 
Renal Hypertension in the Dog 


By Pauw Kezpi, M.D., anp James R. WENNEMARK, M.D. 


Response to tetraethylammonium chloride was studied in normal and renal hypertensive dogs 
in which the carotid sinus was isolated and intrasinusal pressure was maintained by a pump. 
Normal, chronic, and acute renal hypertensive animals differed in their response at different 
intrasinusal pressure levels and indicated resetting of the baroceptors in the chronie hyper- 
tensive phase but not in the acute phase. This resetting may play a role in the maintenance 


of chronic renal hypertension. 


HERE is ample evidence that experimen- 
T tal renal hypertension goes through an 
early acute phase before the prolonged chronic 
phase becomes established. A change in the 
basic mechanism of hypertension between the 
2 phases seems to be well established. How- 
ever, whether the problem is an increased cir- 
culating pressor substance or the failure of 
the kidney to remove a pressor substance is 
still not settled. Further questions await 
clarification. Why do baroceptors fail to re- 
spond to elevated blood pressure? Does in- 
creased sympathetic activity participate in 
the maintenance of renal hypertension? 

Sympathetic outflow in renal hypertension 
has been tested by many investigators using 
ganglionic blocking drugs or centrally acting 
agents which depress sympathetic vasomotor 
centers. It has been suggested that there is 
no increase of the sympathetic vascular tone 
in the chronic phase of experimental renal hy- 
pertension.?;*> On the contrary, others believe 
in an increased sympathetic discharge.*:° Re- 
cent evidence indicates that some of the para- 
doxical findings with ganglionic blocking 
drugs are due to modification of the sinoaortic 
buffering mechanism.® 

It seems puzzling at first that blocking of 
sympathetic transmission by tetraethylam- 
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monium chloride (TEAC) can occasionally re- 
sult in blood pressure elevation rather than 
reduction and that an originally depressor 
response to this agent may become pressor 
when given during infusion of a pressor sub- 
stance. This well known reversal of the 
TEAC response following constant norepi- 
nephrine infusion in the anesthetized dog is 
shown in figure 1. If on the other hand the 
carotid sinus is completely isolated from the 
systemic circulation, and intrasinusal pres- 
sure is maintained by a pump (the aortie de- 
pressor nerves are cut), TEAC will decrease 
blood pressure both before and during norepi- 
nephrine infusion. In the intact anesthetized 
animal, norepinephrine hypertension stimu- 
lates the baroceptors which in turn decrease 
sympathetic outflow. Thus, not much is left 
to be blocked by TEAC. However, TEAC 
also blocks the parasympathetic ganglia thus 
preventing bradycardia and causing a further 
pressure increase. When the baroceptors are 
excluded from the systemic circulation by a 
method to be described, they do not depress 
sympathetic outflow during norepinephrine 
infusion and TEAC will decrease blood pres- 
sure. In view of this modifying effect of the 
baroceptors, the response to TEAC in normal 
and renal hypertensive dogs following bypass 
of the earotid sinus was studied. 


METHOD 


Dogs were anesthetized by chloralose, 100 mg. 
per Kg. of body weight. Chloralose was chosen 
because this drug does not depress central reflex 
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Fic. 1. Tetraethylammonium chloride (TEAC) response in an anesthetized dog before and after 


norepinephrine infusion. A, intact carotid sinus; B, intracarotid pressure maintained by a pump 


independently from the systemic circulation. 


femoral artery pressure. Straight line in B 


is intrasinusal pressure. 7, TEAC; 5 mg. per Kg. NV and NV, |-norepinephrine, 0.6 mEq. per minute, 


NV, 0.56 mEq. per minute. St. N, stop norepinephrine. Note pressure inerease to TEAC following 
norepinephrine before bypass of the carotid sinus, and decrease afterwards. 


mechanisms and leaves the buffer reflexes rela- 
tively intact. In a few of the experiments pento- 
barbital was used. The experimental method is 
shown in figure 2. Two pieces of an isolated vein 
were everted. One end of each was tied and the 
other end cannulated. This gave a very dis- 
tensible balloon.’ Both carotid sinuses were iso- 
lated and as many of the distal branches as pos- 
sible were tied without damaging the nerve. The 
sinus end of the common carotid artery was ecan- 
nulated so that the balloon was inside the carotid 
sinus area. The system was filled with water at 
body temperature and connected to a pump pro- 
ducing pulsatile pressure. In some of the earlier 
experiments static pressure was applied using a 
pressure bottle. The central end of the left com- 
mon carotid artery was cannulated by advancing 
a plastic tube into the aorta for injection of drugs 
directly into the arterial system. The left de- 
pressor nerve and the right vagus trunk were cut. 

Direct femoral artery pressures and pressures 
in the carotid sinus region were recorded on a 
Before 
cannulating the sinus, a test dose of 5 mg. per Kg. 
TEAC was given. TEAC response was then test- 
ed at different intrasinusal and femoral artery 
pressure levels. The test was started with high 
intrasinusal and low femoral artery pressures in 
which case a gradually increasing TEAC response 


drum with an electric paper recorder. 


was expected as the intrasinusal pressure was 
reduced. Twenty to 25 minutes elapsed between 
TEAC injections to allow restoration of the blood 
pressure to the starting level. Altogether 4 to 6 
injections were given. 


RESULTS 

Renal hypertensive dogs were prepared by 
cellophane encapsulation of 1 kidney and re- 
moval of the contralateral kidney. The re- 
sponses of a normal dog are seen in figure 3. 
With high intrasinusal pressure and low 
sympathetic outflow, there is minimal TEAC 
response. As the pressure is lowered in the 
sinus and femoral artery pressure increases, 
the response to TEAC also increases indicat- 
ing increasing sympathetic outflow which 
reaches its maximum at 0 intrasinusal pres- 
sure. Subsequent cutting of the carotid sinus 
nerves usually still increased the response, 
since complete 0 pressure can probably not 
be achieved in the sinus. The average of all 
the responses in 8 normotensive dogs is rep- 
resented in figure 4. Sympathetic outflow, as 
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Fig. 2. Experimental method. Pulsatile pressure produced by the pump ean be seen in the right 
lower corner. Pressure level was controlled by changing resistance by a serew on the output side 
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Fig. 3. TEAC response in a normal dog at different intrasinusal pressure levels. A, before by- 
pass of the carotid sinus. 1 and 2, response to rt and It; 3 and 4, to both common earotid ocelusion; 
5-8, blood pressure response to TEAC at decreasing levels of intrasinusal pressures (upper straight 
line). 
tested by TEAC response, is completely con- Seven chronic renal hypertensive dogs 
trolled by the carotid sinus and depends on showed similar response patterns with the ex- 
the intrasinusal pressure. ception that the whole level was shifted up- 
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Fic. 4. Response pattern to TEAC in 8 normo 
tensive dogs at different intrasinusal pressure levels. 
Height of vertical line indicates blood pressure de 
pression after administration of TEAC at the femoral 
artery and carotid sinus pressure indicated. Equilib- 
rium between intrasinusal and femoral artery pres- 

sures is marked by the interrupted line. 


ward (fig. 5). When intrasinusal pressure is 
equal to the hypertensive level previously 
present in the dog, the femoral artery pres- 
sure is also close to this level, indicating equi- 
librium between intrasinusal pressure, carotid 
sinus discharge, and sympathetic outflow, 
such as is present before bypass of the sinus. 

As soon as the pressure is decreased in the 
sinus below the hypertensive level but still 
above normal blood pressure values, there is 
gradual increase in response to TEAC indi- 
cating increased peripheral sympathetic out- 
flow. In figure 6 the 2 graphs are superim- 
posed. At equilibrium between intrasinusal 
and peripheral blood pressure, TEAC re- 
sponse is the same in normal and chronic 
hypertensive dogs. This equilibrium is at a 
higher blood pressure level in the latter. The 
‘‘floor level’’ following sympathetic block is 
also significantly: higher in hypertensives as 
compared to normal animals even following 
maximal intrasinusal pressure and additional 
TEAC. 

Acute renal hypertension, tested within 2 
weeks of the development of hypertension, 
seems to react differently. TEAC decreased 
the blood pressure in acute renal hyperten- 
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Fig. 5. Response pattern to TEAC in 7 chronic 
renal hypertensive dogs at different intrasinusal pres- 
sure levels. Notations as in figure 4. 


sion by the same degree as in normals only 


when intrasinusal pressure was lowered to 
the prehypertensive level (fig. 7). At the 
hypertensive intrasinusal pressure level the 
response to TEAC was much decreased, indi- 
cating buffering of the sympathetic outflow 
by the baroceptors. 

A slight upward slope is present in both 
normal and hypertensive animals when the 
activity of the sinus is gradually increased 
and sympathetic outflow is blocked only by 
TEAC (fig. 6). This upward slope may be 
due to the relatively small dose of TEAC 
(5 mg. per Kg.) which was probably not suffi- 
cient to block completely all the ganglia dur- 
ing the great showers of sympathetic dis- 
charge. That it is probably not due to 
decreased sensitivity to TEAC is suggested 
by the fact that the slope was also present in 
the few experiments where testing was 
started at 0 intrasinusal pressure. In one 
chronic renal hypertensive dog subsequent 
pithing lowered the blood pressure to the 
same level as was achieved by high intrasinus- 
al pressure plus TEAC block. 


DIscuSssION 
Sympathetic discharge is controlled by the 
buffer mechanism which in turn is regulated 
by the intra-arterial pressure itself. The in- 
terpretation of the response to vasoactive and 
ganglionic blocking drugs is complicated in 
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Fic. 6. Response pattern in normal and chronic 
renal hypertensive dogs superimposed. At equilib- 
rium between intrasinusal and femoral artery pres- 
sure TEAC response is the same. 


the presence of the regulatory mechanism 
since the activity of the baroceptors and the 
sympathetic outflow varies with the fluctua- 
tion of humoral factors participating in the 
maintenance of the blood pressure. Vasoac- 
tive and ganglionic blocking drugs such as 
TEAC will only inadequately measure the 
sympathetic vasomotor tone in the presence 
of actively responding baroceptors. 

In chronic renal hypertension, sympathetic 
outflow is not significantly different from nor- 
mal since at the elevated blood pressure the 
baroceptors reached an equilibrium and sym- 
pathetic discharge is at a normal rate. This 
equilibrium is achieved by resetting of the 
buffer system at the higher blood pressure 
level. The carotid sinus fires at a normal rate 
at the hypertensive level, as was shown by 
MeCubbin and co-workers.* This resetting is 
probably not central but in the receptors it- 
self or in the barosensitive arterial walls. This 
is suggested by the fact that disruption of all 
buffer nerves leads to permanent hyperten- 
sion and permanently high sympathetic out- 
flow. Adaptation of the centers to the loss of 
a buffer mechanism would result in a slow de- 
crease in blood pressure which apparently 
does not occur. 

It seems evident from these experiments 
that resetting of the baroceptor plays a role 
in the maintenance of chronic renal hyper- 
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Fig. 7. Response pattern to TEAC in acute renal 
hypertensive dogs. At equilibrium between intra- 
sinusal and femoral artery pressures (interrupted 
line) TEAC response is markedly decreased. At 
normal intrasinusal pressure level (dotted line) TEAC 
response is equal to that seen in normal dogs. 


tension since it counteracts any decrease of 
the blood pressure below the hypertensive lev- 
el. However, further observations are neces- 
sary to determine whether this mechanism is 
effective in resisting a decrease of blood pres- 
sure over a period of time. 

In the acute phase of experimental renal 
hypertension, resetting of the baroceptors is 
not yet established. 


Hypertension is appar- 


ently caused by a great increase of circulating 
pressor substances and is incompletely buf- 
fered by the baroceptors, which are only par- 
tially effective in reducing the elevated blood 
pressure. Sympathetic outflow is decreased 
as can be shown by the TEAC response 
pattern. 

The residual vasoconstriction represented 
by the different ‘‘floor’’ levels in normal and 
chronic renal hypertensives following sympa- 
thetic blockade must be humoral in origin. 
This higher fioor level is due to either in- 
creased circulating pressor substances or in- 
creased sensitivity to normal amounts of pres- 
sor substances. Both elevation of pressor sub- 
stances and increased sensitivity to angiotonin 
and norepinephrine in chronic renal hyper- 
tension has been shown by others.? The nature 
of the increased sensitivity to pressor sub- 
stances and the relation to the resetting of the 
baroceptors remains to be shown. 
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Carotid Sinus Participation in Experimental 
Renal Hypertension 


By J. W. McCussin, M.D.* 


Using direct electroneurographic technics, it is shown that the carotid sinus baroceptor_re- 
flexes adapt or reset to the higher pressure levels of chronic renal hypertension. They re- 
main functional at the higher pressure level and thus act to maintain rather than to oppose 
it. This provides a satisfactory explanation for the presence of significant neurogenic vaso- 


constriction in chronie hypertension. 


Experi nents on acutely hypertensive dogs indicate that 


the resetting process starts quite early but seems to lag behind the rise in arterial pressure. 


HE buffer reflexes seem finally to have 
T achieved a degree of recognition in the 
field of hypertension research. In view of 
their quite prominent controlling action on 
arterial pressure, it is a little surprising that 
this has taken so long and that more time has 
not been devoted to measuring their possible 
participation in renal hypertension, especi- 
ally since it is becoming more and more clear 
that, whatever the initiating cause of renal 
hypertension, an extrarenal neurogenic mech- 
anism seems to assume an important role in 
the chronic phase. This dual mechanism was 
suggested by Ogden! in 1947 on the basis of 
experiments in collaboration with Sapirstein 
and other colleagues, in which yohimbine was 
used to estimate neurogenic vasoconstriction. 
Since then, numerous studies employing 
adrenergic or ganglion blocking agents or 
surgical procedures have all indicated near 
normal or even increased neurogenic vasocon- 
striction in chronic renal hypertension. This, 
of course, implies that the buffer reflexes are 
not exerting a satisfactory inhibitory effect 
on vasomotor centers. That is, they are not 
acting maximally to prevent the hyperten- 
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sion, unlike their action in acute chemically 
induced hypertension when, at comparable 
pressure levels, baroceptor stimulation is max- 
imum, leading to nearly complete inhibition 
of sympathetic vasoconstrictor discharge. Ad- 
ditionally, von Méller? showed that pressure 
over the carotid sinus in hypertensive man 
caused a fall in systemic pressure. Kezdi* 
showed in hypertensive man, and Matton? in 
renal hypertensive dogs, that adrenaline or 
noradrenaline injected into the adventitia of 
the carotid sinus caused a fall in systemic 
arterial pressure. These agents produce a con- 
traction of the sinus wall leading to barocep- 
tor stimulation beyond that normally pro- 
voked by the existing hypertensive pressure 
levels. It was apparent, therefore, that the 
pressure levels of severe chronic hyperten- 
sion were not sufficient alone to cause maxi- 
mum baroceptor stimulation. 

We have tested directly, using electro- 
neurographie technics, to determine whether 
some form of adaptation or resetting occurs 
at the baroceptor level and, if so, to attempt 
to learn something of the possible mechanisms 
involved as well as the time required.’ I 
shall use the term resetting henceforth for 
want of a better one. 

Despite the indirect evidence that some 
form of resetting does occur, we were, never- 
theless, somewhat surprised to find the pattern 
of carotid sinus activity intermittent and 
apparently normal in chronically hyperten- 
sive dogs because we had become so accus- 
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tomed to seeing the steady, continuous nerve 


activity when arterial pressure is raised 


chemically in a normal dog. An example 
of the maximum response is shown in figure 
1. In contrast with this pattern of nerve 
activity at increased levels in a 
normal dog, figure 2 shows the seemingly 


normal, intermittent activity of carotid sinus 


pressure 


and aortic baroceptors exposed to the very 
high pressure levels of chronic renal hyper- 
tension. 

We felt, however, that this simple observa- 


tion of an 


apparently normal pattern of 


baroceptor activity might be misleading, 
since, as is apparent from figure 1, the more 
important stimulus to baroceptors is pulse 
pressure, rather than mean pressure, and it 
is well known that pulse pressure is increased 


in chronic renal hypertension. It was con- 


following figures. 


Endosinus pressure measured from a cannulated external carotid artery shown at top of 
each trace; carotid sinus nerve activity shown beneath. 


3reaks in top reference line at 1 second 


Top trace, control; middle, during in 


Normal dog. 


ceivable that the wider pulse pressure alone 
could have accounted for the normal pattern 
of nerve activity, and that any so-called re- 
setting could depend upon this hemodynamic 
change. Weattempted, therefore, to determine 
the threshold response and the range of re- 
sponse in normal and chronic renal hyper- 
tensive dogs through application of steady 
pressures and then a standard, reproducible 
pulse form within the carotid sinus after ty- 
ing off all of its vascular branches. In this 
manner, responses to standard pressure stim- 
uli in any one preparation could be compared 
with those of any other. Arbitrarily selected 
steady pressures of 60, 120, and 240 mm. Hg 
consistently demonstrated a difference be- 
tween normal and chronically hypertensive 
dogs (fig. 3). The normotensive preparations 
invariably showed nerve activity at 120 mm. 
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Fic. 2 Top. Carotid sinus nerve activity in dog with chronic renal hypertension (top trace) 
and aortic depressor nerve activity from another hypertensive dog (bottom trace). (Reprinted 


from Circulation Research 4: 205, 1956.) 


Fig. 3 Bottom. Carotid sinus nerve activity with different steady endosinus pressures in normo- 


tensive (4) and hypertensive (B) dogs. 


Hg and most at 60 mm. Hg, but 8 hyperten- 
sive dogs failed to show any activity at 60 
mm. Hg, and only 2 showed activity at 120 
mm. Hg. 

This difference in baroceptor response be- 
tween normotensive and chronic hypertensive 
dogs was more striking when a standard, 


artificial pulse of 50 mm. Hg which took the 
form of a sine wave was superimposed upon 
these same steady pressures. Response in 
the hypertensive animals differed consistently 
from that in the normotensive ones (fig. 4). 
At a mean pressure of 60 mm. Hg, nerve 
activity was intermittent and synchronous 
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Fic. 4 Top. Carotid sinus nerve activity with standard endosinus pressure wave form at dif- 
ferent mean pressures in normotensive (4) and hypertensive (B) dogs. (Reprinted from Circula- 
tin Research 4: 205, 1956.) 

Fic. 5 Bottom. Carotid sinus nerve activity in chronic renal hypertensive dog showing ‘‘col- 


lapse firing’’ at trough of sine pressure wave at mean pressure of 60 mm. Hg. 


with rise in pressure in the normotensive, bear out the hypothesis that the buffer re- 
but absent in the hypertensive preparation ; flexes are indeed reset to act at a higher 


at 120 mm. Hg intermittent activity was seen pressure level in chronic renal hypertension. 
in both; at 240 mm. Hg mean pressure with There was an additional difference in 


a pressure wave of 50 mm. Hg, firing was baroceptor response between the hypertensive 
continuous in the normotensive dogs but still and normotensive groups. When endosinus 
intermittent in the hypertensive animals. pressure falls to a certain quite low level, the 
Thus, both groups of experiments seem to sinus wall tends to collapse inward, and since 
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Fic. 6. Different thresholds of 2 fibers from carotid sinus nerve of normal dog during infu- 


sion of neosynephrine. 


aroceptors are really distortion receptors, 
his distortion of the wall causes increased 
aroceptor activity. This so-called ‘‘collapse- 
iring’’ was not observed in the group of 
iormotensive dogs at the lowest pressure level 
ised, but it did appear in more than half of 
he hypertensive preparations. An example 
f this ‘‘collapse-firing’’ in a chronie renal 
hypertensive dog can be seen in figure 5. Note 
that nerve activity accompanies a fall rather 
than rise in pressure at a mean pressure of 
60 mm. Hg. This would seem to be a further 
indication that the range of response is 
shifted upward in chronic hypertension, that 
this low pressure level is more unphysiologic 
for the hypertensive than for the normoten- 
sive animal. 

The mechanism of the resetting process is 
still unknown. Most of the evidence suggests 
it to be a passive change It may depend 
upon some structural alteration causing a 
change in elasticity and distensibility of the 
sinus wall or the baroceptor nerve endings 
themselves may be altered. The process may 
be simply the passive effect of sustained 
inerease in arterial pressure alone, or it may 
be facilitated by a circulating humoral agent. 
Kezdi® has shown in dogs that the sympa- 
thetic innervation of the carotid sinus can 
markedly influence baroceptor response, and 
this mechanism might play a role. 

One definite possibility for the mechanism 
of the resetting process can be guessed at 
Bronk and Stella‘ showed 
some years ago that different baroceptor nerve 
endings have different thresholds of response. 
In figure 6 are shown the different thresholds 
of 2 baroceptor fibers from the carotid sinus 


from figure 6. 


nerve of a normal dog. At this raised pres- 
sure level due to infusion of neosynephrine, 


one fiber is firing not steadily, but nearly so, 
whereas the other fiber shows less response— 
firing only briefly with each pulse. With 
severe sustained hypertension, it is conceiv- 
able that the fiber showing nearly continuous 
activity, along with others having a low 
threshold of response, might become inactive, 
possibly due to fatigue, leaving only those 
nerve endings responding to the higher pres- 
sures. This would, of course, result in an 
apparently normal electroneurogram. 

It is possible to say that the resetting pro- 
cess is not accomplished in a few hours. We 
have infused angiotonin or other pressor 
agent for 6 hours or more without modifying 
While the 
resetting process is not quick enough to be 
measured in a few hours, it must nevertheless 
start relatively soon after a renal stimulus 


the pattern of nerve activity. 


to hypertension. This is apparent from the 


response to a ganglion or adrenergic blocking 


agent during the hypertension that often 
follows within 1 to 3 days after application 
of a Goldblatt clamp. It is well documented 
that the hypotensive response is less than 
normal and may be quite minor, but the fact 
that there is any fall indicates a significant 
degree of neurogenic vasoconstriction ; if the 
buffer reflexes were acting maximally to pre- 
vent the rise in pressure, there would be no 
hypotensive response to the blocking agent, 
as during relatively brief infusions of angio- 
tonin or other pressor agent. On the other 
hand, the smaller than usual falls in pressure 
in response to a blocking agent indicate that 
the resetting process lags behind the rise in 
pressure, the buffer reflexes acting only par- 
tially to inhibit it. Our initial experiments 
on acute renal hypertensive dogs, using the 
standard sine pressure wave stimulus as be- 
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Intact circulation 


Activity of carotid sinus nerve 48 hours after application of Goldblatt clamps. 


fore, also indicate that some degree of reset- 
ting occurs early. 


The results obtained during the hyperten- 
sion that follows 1 to 3 days after applica- 
tion of a Goldblatt clamp were not as consist- 


ent or as regular as in the series of chronic- 
ally hypertensive dogs. Resetting occurred to 
variable degrees and at variable speeds, rang- 
ing from being relatively complete to almost 
entirely absent after 1 to 2 days of hyperten- 
sion. Figure 7 represents a rather typical 
early partial resetting. This initial partial 
resetting is often not clear from neurograms 
using the intact circulation. Nerve activity 
may appear much like that in the normal dog 
during infusion of a pressor agent. 

The resetting process seems to continue to 
lag behind the progressive rise in arterial 
pressure for some time, and may never be en- 
tirely complete as estimated from the re- 


sponse to carotid occlusion. This response is, 
of course, enhanced in normal dogs if arterial 
pressure is increased; there should be no in- 
crease in renal hypertension if resetting is 
complete. We measured the occlusion re- 
sponse repetitively by compressing Van Leer- 
sum loops in unanesthetized dogs during the 
slow rise in arterial pressure that follows 
wrapping the kidneys with cellophane, and 
found somewhat greater responses even sev- 
eral months after arterial pressure had 
reached hypertensive levels. 

To summarize, the often postulated re-set 
of the nervous system in chronic renal hyper- 
tension does occur, at least as regards the 
threshold and range of response of the baro- 
ceptor reflexes. They remain functional at 
the higher pressure level and act to maintain 
rather than to oppose it. This provides a 
satisfactory explanation for the significant 





(CAROTID SINUS PARTICIPATION 


) ‘urogenice vasoconstriction in chronic hyper- 

t nsion, and provides support for the hypoth- 

«sis offered by Ogden that experimental renal 

| ypertension depends first on a renal and then 
redominantly on an extrarenal neurogenic 
iechanism. <A further implication is that 
irolonged hypertension from any cause would 
end to be self-sustaining. 

Resetting may, of course, occur at several 
evels and it is apparent that this is but one 
acet in the mechanism of renal hypertension. 
t starts quite early but seems to lag behind 
he rise in arterial pressure, and probably is 
ever entirely complete. It does not seem 
o be irreversible; return to normotensive 
evels of operation must occur in those in- 
stances where arterial pressure returns to 
normal after removal of a diseased kidney, 
and the same process might account for the 
tendency of some patients to maintain normal 


or nearly normal pressures after completion 


of suitably prolonged antihypertensive treat- 
ment. 
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Effect of the Autonomic Nervous System on 
Arteriolar Tone in the Experimental Animal 


By Luoyp Becr, Pu.D. 


Evidence obtained from experiments involving perfusion of vascular beds and eardiae output 
studies with controlled filling pressure of the right heart before and during ganglionic block- 
ade support the view that the heart of the dog is tonically stimulated by its sympathetic in- 
nervation. The blockade of this tonic stimulation to the heart permits a reduction in cardiac 
output. The fall in cardiac output results in a decrease in passive stretch of the arterial 
system which permits a passive rise in peripheral resistance thus compensating for the loss 
of arteriolar tone so that the peripheral resistance may be unchanged during ganglionic bloek- 
ade despite a reduction in neurogenic arteriolar tone. 


PON administration of ganglionic block- 

ing agents to anesthetized animals, the 
blood pressure and the cardiac output fall 
considerably.':? Calculation of the total 
peripheral resistance discloses that the re- 
sistance remains essentially unchanged. Sim- 
ilar results have been found in the hyperten- 
sive patient.? The failure of the peripheral 
resistance to fall after the administration of 
ganglionic blocking agents has raised the fol- 
lowing questions: 1. Is significant arteriolar 
tone of sympathetic origin tonically present? 
2. If present, do the ganglionic blocking 
agents fail to block such activity? 3. Is the 
fall in cardiae output accomplished by a de- 
crease in venomotor tone which causes periph- 
eral venous pooling resulting in a reduction 
in central venous pressure? 4. Is there an- 
other mechanism whereby the ganglionic 
blocking agents exert their activity? 

Because the blood vessel is essentially an 
elastic tissue, the fall in blood pressure pro- 
duced by ganglionic blocking agents should 
cause a rise in resistance when the stretch on 
the blood vessel is reduced as a result of the 
passive narrowing of the vessels. The effect 
of changes in perfusion pressure on vessel dis- 
tensibility was tested by perfusing vascular 
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beds in the dog before and during ganglionic 
blockade. The perfusion experiments ex- 
plained why the peripheral resistance failed 
to decrease after ganglionic blockade, but did 
not elucidate the mechanism whereby the re- 
duction in cardiae output was accomplished. 
A second set of experiments was devised to in- 
vestigate whether venous pooling was respon- 
sible for the decrease in cardiae output. 


Perfusion Experiments 

In the perfusion experiments a_ special 
pump* with tubing of suitable size to permit 
variation in blood flow over a wide range was 
employed. Perfusion was carried out either 
on the vascular bed supplied by the femoral 
artery or on the vascular bed below the kid- 
ney supplied by the descending aorta. In 
the case of the femoral bed a large polyeth- 
ylene catheter leading to the pump was intro- 
duced into the proximal end of the divided 
femoral artery and pushed retrograde into 
the descending aorta. To reduce collateral 
circulation, the aorta was then approached 
retroperitoneally through the inguinal area 
to reduce trauma to the animal and its sym- 
pathetic innervation. A ligature was placed 
around the aorta containing the catheter and 
tied tightly to prevent bypass of blood. The 
catheter leading from the pump was intro- 
duced into the distal end of the severed fem- 


*Model T6 sigmamotor pump. Sigmamotor, Inc., 
Middleport, N. Y. 
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oral artery. By this means blood reached the 
leg only through the pump. In the case of 
the vascular bed supplied by the entire de- 
scending aorta, a retroperitoneal approach 
was made through a transverse incision in 
the flank. A large polyethylene catheter 
leading to the pump was introduced into the 
proximal portion of the divided aorta. A 
catheter leading from the pump was intro- 
duced into the distal aorta. The pump there- 
fore supplied all of the blood to the hind part 
of the animal below the kidneys. 

When the blood flow is at low levels as in 
the determination of the lower portion of the 
pressure-flow curves, reactive hyperemia is 
prone to develop. To cireumvent hyperemia 
a shunt was employed to bypass the pump 
during the interval when determinations were 
not being made. 

A test for integrity of sympathetic inner- 
vation was made by utilizing a delay system. 
The delay consisted simply of a glass coil in- 
terposed in the pump cireuit and placed in a 
thermos bottle to prevent heat loss. Thus 
when a drug was administered intravenously 
to the body, several minutes passed before 
the drug would reach the leg. In the mean- 
time reflex changes oceurring in the limb 
could be observed. The test consisted of in- 
jecting epinephrine or histamine into the 
body of the dog. When the systemic blood 
pressure rises a reflex dilation occurs in the 
perfused limb and when the systemic blood 
pressure falls a reflex constriction occurs in 
the perfused limb if the sympathetic nerves 
are functionally intact. 

All animals were anesthetized with sodium 
pentobarbital and heparin was used as the 
anticoagulant. Resistance values were caleu- 
lated by dividing the perfusion pressure in 
millimeters of mereury by the blood flow in 
milliliters per minute. 

Figure 1 illustrates the changes in resist- 
anee which oceur when the stretch on the ves- 
sel is changed by varying the perfusion pres- 
sure. This pressure-flow curve was obtained 
by perfusion of the descending aortic bed be- 
low the kidney. This figure was chosen be- 
cause it demonstrates particularly well the 
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Fig. 1 Top. Pressure-flow curve obtained by per- 
fusion of aorta below the kidney. PP, perfusion pres- 
sure in mm. Hg; Flow, blood flow in ml. per minute; 
peripheral resistance (PR) ealeulated by dividing 
the perfusion pressure in mm. Hg by blood flow in 
ml. per minute; vessel radius (R) assigned an arbi- 
trary value of unity when peripheral resistance is 
10.0. 

Fig. 2 Bottom. Pressure-flow eurve obtained by 
perfusion of femoral bed. PP, perfusion pressure in 
mm. Hg; Flow, blood flow in ml. per minute; -X-, 
curve obtained before administration of hexametho- 
nium; -O-, curve obtained after administration of 5 
mg. per Kg. of hexamethonium intravenously; arrows, 
level of systemic arterial pressure before and after 
ganglionic blockade; dotted lines, predicted pressure- 
flow curves for rigid tube system. Deviation of ae- 
tual curves from predicted curves due to vessel dis- 
tension as perfusion pressure is increased. 


ability of the blood vessels to distend- when 
the perfusion pressure is elevated to high 
levels. Before determination of the pressure- 
flow curve a test for integrity of the sympa- 
thetic innervation was carried out in the man- 
ner indicated. No reflex response occurred 
and it was concluded that a complete sympa- 
theetomy had been accomplished. It is there- 
fore unlikely that the decrease in peripheral 
resistance which oceurs upon elevation of the 
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Fig. 3. Pressure-flow curve obtained by perfusion 
of aortic bed below the kidney. PP, mean perfusion 
pressure in mm. Hg; Flow, blood flow in ml. per min- 
ute; -O-, curve obtained before administration of 
barium; -X-, curve obtained after administration of 
* mg. per Kg. of barium intravenously; dotted lines, 
predicted pressure-flow curve for a rigid tube sys- 
tem as in figure 2. 


perfusion pressure can be accounted for by 
reflex changes, unless they are of local or- 
igin. Assuming that changes in resistance 
are the result of vessel distention, we can eal- 
culate from Poiseuille’s law the change in 
radius necessary to account for the decrease 
in resistance. Thus when the resistance drops 
from 10.0 to 1.17 the radius increases from 
unity to 1.71 (fig. 1). These results indicate 
that if the perfusion pressure is increased, 
the resulting increase in vessel stretch causes 
a decrease in the peripheral resistance by a 
passive distention of the arteriolar bed. 
Figure 2 illustrates the situation before and 
after blockade of sympathetic tone. The 
upper curve is a plot of pressure against flow 
before blockade and the lower curve the same 
plot after the administration of 5 mg. per 
Kg. of hexamethonium. Before blockade the 
mean systemic arterial pressure was 120 mm. 
Hg; after blockade the pressure fell to 80 
mm. Hg. If we compare the resistance at a 
perfusion pressure of 120 mm. and 80 mm. 
Hg on the unblocked curve we can ealeulate 
that the resistance would have been expected 
to increase from 7.89 to 10.2 had there been 
no blockade of sympathetic activity. If, on 
the other hand, the resistance at 120 mm. Hg 
on the unblocked curve is compared to the 
resistance at 80 mm. Hg on the blocked curve 
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we can calculate that the resistance is almost 
identical. The failure of the resistance to 
fall even though the sympathetic tone is lost 
is due to the passive decrease in vessel radius 
when the perfusion pressure is reduced, for 
if we determine the resistance at the same 
perfusion pressure as before blockade we 
find the resistance has fallen to approximately 
65 per cent of control. Similarly, a fall in 
resistance is seen if the determination is made 
at the same blood flow level before and after 
blockade. In this instance the resistance in 
the blocked state is approximately 80 per 
cent of the resistance in the unblocked state. 
The fact that the resistance after ganglionic 
blockade is decreased when the blood flow is 
maintained constant demonstrates that a re- 
duction in blood flow is a prerequisite if the 
resistance is to remain unchanged. It is the 
reduction in blood flow which allows the per- 
fusion pressure and thus the distending force 
to decrease, which in turn permits a passive 
increase in vascular resistance. We can con- 
clude then that reduction in blood flow must 
occur if the vascular resistance is to remain 
unchanged during ganglionic blockade. 
Figures 1 and 2 illustrate the expected 
changes in resistance when the vascular tone 
is not excessively high. Would we expect to 
find the same inerease in resistance upon 
lowering the blood pressure if the animal were 
hypertensive? We have tried to answer this 
question by creating a condition of excessive 
tone in blood vessels by the administration of 
barium acetate (fig. 3). After obtaining a 
control pressure-flow curve 3 mg. per Kg. of 
barium acetate was administered intravenous- 
ly. When a new steady state was reached a 
second pressure-flow curve was obtained. We 
can see that the increase in resistance is much 
greater after barium if we compare the re- 
sistance changes on the 2 curves for equiva- 
lent decrements in perfusion pressure. For 
example, at 100 mm. and 50 mm. Hg we ean 
calculate that before barium the _ resistance 
rose from 1.00 to 1.67; after barium the re- 
sistance rose from 3.74 to 7.14. Similarly, we 
can conclude that the greater the smooth 
muscle tone the greater the increase in re- 
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sistanee for a given decrement in perfusion 
pressure or in blood flow. Thus we ean as- 
sume that a greater passive increase in re- 
sistance will occur in the hypertensive state 
for a given reduction in either blood pres- 
sure or in blood flow than in the normotensive 
state. Certainly, however, until more is 
known regarding the factors which contribute 
to the elevated resistance in hypertension. 
care must be exercised in extrapolating to es- 
sential hypertension. 


Experiments Involving Filling Pressure of 

Right Atrium 

It is evident from the foregoing that the 
sympathetic tone ean be reduced without 
decreasing peripheral resistance if the pres- 
sure distending the blood vessels is sufficient- 
ly decreased by a reduction in blood flow. If 
no decrease in blood fiow oceurs, the periph- 
eral resistance is decreased when arteriolar 
tone of sympathetic origin is blocked by the 
administration of ganglionic blocking agents. 
Let us now consider the events occurring in 
the intact animal when ganglionie* blocking 
agents are administered. Here we see a re- 
duction in blood pressure and in cardiac out- 
put, but little change in peripheral resistance. 
The reduction in ecardiae output and blood 
pressure have been assumed to result from 
blockade of vasomotor tone and it has been 
shown above that the peripheral resistance 
need not decrease when neurogenic arteriolar 
tone is lost, providing a simultaneous reduc- 
tion in blood flow takes place. Since a re- 
duction in blood flow is necessary to prevent 
a decrease in resistance when sympathetic tone 
is abolished, it appears that a decrease in 
cardiac output must be the primary event 
leading to the sequential changes observed 
upon administration of a ganglionic blocking 
agent. 

In an attempt to explain the reduction in 
cardiac output the hypothesis has been ad- 
vaneed that ganglionic blocking agents re- 
sult in a peripheral venous pooling by re- 
ducing venomotor tone. The venous pooling 
is assumed to reduce the filling pressure of 
the heart resulting in a reduction in cardiac 
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TABLE 1.—Cardiac Output and Total Peripheral 
Resistance Change Following Ganglionic Blockade 


| 


Cardiac output Total peri- 
————_|;———— pheral resist- 
ance 24 min. 
24 min. after | after blockade 
Control blockade (% of control) 
(% of control) 


Decamethonium 42 
103 
79 
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*Chlorisondamine 5 mg. per Kg. 


output and consequently in a reduction in 
systemic blood pressure. We first attempted 
to examine this hypothesis by measuring the 
central venous pressure before and during 
ganglionic blockade. Unanesthetized dogs 
were immobilized by either decamethonium 
or gallamine. After the administration of 
the neuromuscular blocking agent the dogs 
were intubated and artificially respired. The 
pump was fitted with neoprene bushings to 
prevent leakage of gas. Oxygen consumption 
was measured by connecting a Benedict Roth 
Metabulator to the respirator. Cardiac out- 
puts were determined by the direct Fick 
method. The central venous pressure was 
measured by a strain gage connected to a 
catheter introduced into the right atrium. 
Half of the animals received 50 mg. per Kg. 
of hexamethonium while the remainder re- 
ceived 10 mg. per Kg. The dose appeared to 
have little effect on the results (table 1). 
The cardiac output fell to approximately 
one half of the control output and the total 
peripheral resistance rose to approximately 
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Fie. 4. Effect of hexamethonium on central filling 
pressure. Time shown on first line of abscissa. CO, 
cardiac output in L. per minute; Hex, hexamethonium 
10 mg. per Kg. given slowly over 10 minutes; RAP, 
right atrial pressure increased by 2.5 em. water; Vol, 
volume of blood present in the reservoir. 


140 per cent of control. The right atrial 
pressure fell slightly but not significantly. 
At this time we were not sure whether the 
results indicated that the central filling pres- 
sure did not fall or whether we were simply 
unable to measure the change in effective 
filling pressure accurately enough to disclose 
a significant fall. Therefore another set of 
experiments was performed in which central 
venous pressure was maintained constant by 
an automatic stabilizing device.t The stabi- 
lizer permitted precise control of pressure and 
accurate measurement of volume changes 0c- 
curring between animal and reservoir. The 
reservoir was placed in a constant tempera- 
ture bath at 38.5 C. and connected to the ani- 
mal by a large polyethylene catheter intro- 
duced into the right atrium through the ex- 
ternal jugular vein. The resistance of the 
system was low enough so that + 1 mm. Hg 
differential pressure would cause a flow of 
150 ml. of saline per minute. In some ex- 
periments blood and in others 0.9 per cent 
saline was used to stock the reservoir. A res- 
pirator was used to ventilate the animals as 
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in the previous set of experiments. It was 
advantageous to ventilate with either pure 
oxygen or with air throughout any given ex- 
periment when measuring oxygen consump- 
tion. Some of the animals were immobilized 
with decamethonium to maintain the intra- 
thoracic pressure constant; others were 
mildly hyperventilated to inhibit voluntary 
respiration. 

The results illustrated in figure 4 were ob- 
tained from a dog under pentobarbital an- 
esthesia and immobilized with decametho- 
nium. After the cardiac output and central 
venous pressure had become stable, 10 mg. per 
Kg. of hexamethonium was administered 
slowly by intravenous route over a 10-minute 
period. During the administration of hexa- 
methonium the volume of blood in the reser- 
voir increased indicating a tendency for the 
central venous pressure to rise (which is off- 
set by the uptake of blood by the reservoir). 
Determinations 42 and 77 minutes after 
hexamethonium show that the cardiae output 
fell to approximately one half of the output 
in the 40-minute period preceding blockade, 
despite a constantly maintained right atrial 
pressure. To show that the heart was still 
responsive to an increase in filling pressure 
and not undergoing spontaneous deteriora- 
tion, right atrial pressure was elevated by 
2.5 em. of water. During the next 24 minutes 
710 ml. of blood returned to the animal. The 
cardiac output at this time was above the 
control level. The catheters were then re- 
moved, the incisions repaired and the animal 
returned to his cage. The dog showed no 
ill effects other than an infection at the site 
of the incisions and was sacrificed 1 week 
later. We can conclude that the reduction 
in cardiac output was not due to deterioration 
of the animal, nor to a reduction in filling 
pressure of the right heart. 


DIscussION 
It has been shown by Wand et al.,5 Trapold 
and Sullivan,® and Fries and Rose’ that the 
total peripheral resistance decreases when 
ganglionic blocking agents are administered 
if cardiac output is maintained constant by 
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. mechanical heart. Their observations dem- 
mnstrate the ability of the ganglionic blocking 
igents to decrease vasomotor tone in the 
ypen-chest animal. In this preparation the 
‘ardiae output is usually below normal and 
sympathetic tone is elevated to maintain the 
blood pressure. Thus, events occurring in the 
open-chest preparation need not parallel 
those occurring in the close-chest animal. By 
examining the changes taking place in per- 
fused vascular beds we have avoided the prob- 
lem of the open chest. The results obtained, 
however, confirm the conclusions of these 
investigators. 

Neither type of experiment accounts for 
the fall in cardiac output which oceurs upon 
administration of ganglionic blocking agents. 
We have seen that the blocking agents de- 
crease the cardiac output but usually do not 
decrease or may even increase the peripheral 
resistance. These changes are in marked con- 
trast to those occurring upon administration 
of agents which cause direct vascular relax- 
ation. Starr et al.® have shown that nitrites 
and carbachol markedly reduce the total 
peripheral resistance, but do not decrease, 
and often increase, cardiac output. The di- 
vergent actions of the 2 groups of drugs in 
the intact animal render untenable the view 
that the fall in cardiac output can be ae- 
counted for by passive vascular dilatation 
resulting from blockade of sympathetic ac- 
tivity. These observations have led some in- 
vestigators®: * 1° to believe that the blocking 
agents act by reducing venomotor tone and 
not arteriolar tone. They suggest that if the 
venomotor tone is reduced, a peripheral ve- 
nous pooling of blood would result in a de- 
crease in effective filling pressure of the 
heart and consequently in a reduction in car- 
diae output. The fall in ecardiae output 
would cause a secondary fall in blood pres- 
sure. Crumpton et al. in 1954? hinted at a 
direct depressant action of the ganglionic 
blocking agents upon the heart when they 
stated: ‘‘Our studies do not permit conclu- 
sions as to whether the reduction in output 
is due entirely to a decrease in venous return 
or is associated with a specific action of the 
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drug upon the myocardium.’’ In a later 
paper® they suggested that the reduction in 
cardiae output could be wholly explained on 
the basis of venous pooling. 

Our first attempts to determine whether 
peripheral venous pooling following hexa- 
methonium led to a reduction in cardiac out- 
put were equivocal. A marked fall in unanes- 
thetized animals immobilized with neuromus- 
cular blocking agents was associated with a 
slight but insignificant reduction in effective 
filling pressure. Because the relationship 
between cardiac output and effective filling 
pressure in the intact animal is still an un- 
settled question and since even less is known 
about the relationship when homeostatic 
mechanisms are partially abrogated by the 
administration of ganglionic blocking agents, 
an experiment was devised in which the effec- 
tive filling pressure was maintained constant 
by means of a pressure-stabilizing device. 
The results obtained indicate that the fall in 
cardiae output cannot be attributed to a re- 
duction in either venous or arteriolar tone. 
It must be concluded that the ganglionic 
blocking agents exert their action at least in 
part by a direct depression of cardiae fune- 
tion. 

There seems to be no evidence in the liter- 
ature that ganglionic blocking agents directly 
depress the myocardium. Acheson and Moe!! 
showed that tetraethyl ammonium (TEA) in- 
ereases the cardiac output in the heart-lung 
preparation; and Lee and Shideman’? have 
shown that pentobarbital-induced failure can 
be reversed by chlorisondamine in the eat 
papillary and the dog heart-lung prepara- 
tions. It seems more likely that the reduction 
in cardiac output produced by ganglionic 
blocking agents is indirect in nature.. The 
low eardiae output observed in isolated hearts 
and in heart-lung preparations suggests that 
the heart, even under basal conditions, is in 
a state of low tonic stimulation. Rushmer’s?® 
observation that the heart of the sleeping dog 
is smaller than that of the waking dog indi- 
eates that significant alterations in cardio- 
dynamics oceur with minimal change in the 
state of activity. Several other observations 
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in the literature support the view that the 
ganglionic blocking agents might decrease the 
cardiae output by an indirect action on the 
heart. Shipley and Gregg! observed an in- 
crease in cardiac output upon stimulation of 
the stellate ganglion. Anzola and Rushmer™ 
have shown an elevation in the diastolie pres- 
sure following stimulation of the peripheral 
end of the severed inferior cardiae nerve. 
They believe that this increase is the result of 
epinephrine release from the heart. Bronk 
et al.,© demonstrated rhythmic action poten- 
tials in the inferior cardiac nerve alternating 
with the pulse. If ganglionic blocking agents 
were capable of blocking such activity to the 
heart, reduction in output might be explained. 
Pardo et al.'? have shown that tetraethylam- 
monium will block the positive chronotropic 
effect of preganglionic sympathetic stimula- 
tion to the heart when the impulses arise 
normally from the sinus node. While they 
state that the accompanying pressor response 
is not prevented, their illustration demon- 
strates a reduction in the pressor response. 
Thus it appears that TEA is also capable of 
blocking in part the positive inotropic re- 
sponse to sympathetic stimulation. 

A reduction in either epinephrine or 
norepinephrine acting upon the heart could 
explain the decrease in cardiae output and 
might help to explain why we have observed 
in some animals an accumulation of blood in 
the reservoir after ganglionic blockade. Wig- 
gers in 1927'8 and Rushmer in 1945!'® showed 
that epinephrine could inerease the diastolic 
size of the heart without elevating the diastolic 
pressure. During exercise or epinephrine 
infusion the end-systolic volume of the heart 
decreases?” and, conversely, the end-systolic 
volume would be expected to increase when 
catechol secretion decreases. If the ganglionic 
blocking agents reduced the amount of 
eatechol amines acting upon the heart, a 
decrease in end-diastolic and an increase in 
end-systolic size would be expected. This 
would explain both the reduction in cardiac 
output and the tendency for the central filling 
pressure to rise in some animals. The ten- 
dency of the filling pressure to rise would 
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be offset by an accumulation of blood in the 
reservoir. 

If the ganglionic blocking agents do effect 
a decrease in blood pressure by an indirect 
depression of cardiac function, they still must 
be considered better therapeutic agents than 
a myocardial depressant such as quinidine 
An agent causing direct myocardial depres 
sion would allow a reflex vasoconstriction 
when the blood pressure fell. The ganglionic 
blocking agents would prevent a reflex in 
crease in peripheral resistance by blockade ot 
sympathetic vasoconstrictor impulses to th 
arterioles, and thus diminish the work re- 
quirements of the heart. 

The above experiments with ganglionic 
blocking agents and evidence from other types 
of experiments cited in the literature indicate 
that the heart is tonically stimulated by the 
sympathetic system under basal conditions. 
The reduction in blood pressure with little 
associated change in total peripheral resist- 
ance following ganglionic blockade is believed 
to be occasioned by blockade of this sympa- 
thetic activity to the heart in the anesthetized 
dog. Caution must be exercised, however, 
in extrapolating the results to the unanes- 
thetized animal or to the human. With large 
doses of ganglionic blocking agents in the re- 
cumbent human, hemodynamic changes anal- 
ogous to those occurring in the dog are seen, 
but small doses which do not lower the blood 
pressure in the recumbent patient may lower 
the standing blood pressure. The difference 
in the small and large dose effect might indi- 
cate a different mechanism of action in the 2 
situations. If little venomotor tone exists in 
the reeumbent human but is normally present 
in the standing human, evidence of venomotor 
blockade would not become apparent until 
the patient assumed the standing position. 
Thus, in the human being, if ganglionic block- 
ing agents blocked venomotor tone in low 
doses and sympathetic activity to the heart 
in high doses, we could explain the reduction 
in standing blood pressure after a small dose 
of the drug and the reduction in recumbent 
blood pressure after a larger dose. Because 
of the more profound alterations in venous 
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wressure produced by a change from the 
‘ecumbent to the standing position in man, 
t would seem that an evaluation of changes 
i venomotor tone produced by ganglionic 
locking agents should be carried out in the 
juman. 


SUMMARY 


Results of perfusion experiments show 
that: (1) peripheral resistance is a function 
of the perfusion pressure in the absence of 
sympathetic tone; (2) tonic sympathetic 
activity to the blood vessels is blocked by 
hexamethonium ; (3) the peripheral resistance 
may inerease after hexamethonium in spite 
of the blockade of sympathetic activity if 
the perfusion pressure is reduced sufficiently. 

In the unanesthetized animal immobilized 
with neuromuscular blocking agents, the 
cardiac output can be reduced markedly and 
the total peripheral resistance increased with- 
out a significant fall in the filling pressure 
of the heart. 

In the anesthetized animal the fall in 
cardiae output is not entirely due to a loss 
of vascular tone. 

Evidence is presented that the heart, under 
basal conditions, is receiving stimulation from 
the sympathetic system and that the reduc- 
tion in cardiac output following administra- 
tion of ganglionic blocking agents is the result 
of the removal of the tonic stimulation. 
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Vascular Reactivity in Experimental Hypertension 
Measured after Hexamethonium 


By James Conway, M.D. 


The characteristics of the response to pressor and depressor drugs in hypertensive animals 
suggest that structural changes in the arteriole play an important role in the development 


of hypertension. 


NE of the few observations made in 

hypertension upon which there is al- 
most universal agreement is the increased re- 
sponse of the blood pressure to pressor drugs. 
It is found in nearly all types of hypertension, 
both experimental’ and elinical.*® Never- 
theless, the mechanisms responsible for it have 
not been adequately investigated. 

I have studied the vascular reactivity in 
rabbits, comparing the blood pressure re- 
sponses to pressor and depressor drugs in the 
same animal in the normotensive and hyper- 
tensive states.1° 1° The animals were studied 
in the conscious state and the blood pressure 
was recorded by a condenser manometer from 
the central artery of the ear. In order to 
overcome the homeostatic reflexes which 
would modify the blood pressure response, 
all experiments were performed after large 
doses of hexamethonium had been adminis- 
tered. 

From this work and from the literature 
there are certain characteristics of the in- 
ereased vascular reactivity which provide 
some evidence of its real nature: 1. In both 
normotensive and hypertensive animals the 
blood pressure responses are not related to 
the initial level of blood pressure. 2. The 
inereased vascular reactivity in hypertension 
oceurs in response to a large variety of vaso- 
constrictor agents, epinephrine, norepineph- 
rine, posterior pituitary extract, tyramine and 
renin.) 310,11 3. These effects are not, in 
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fact, confined to vasoconstrictor drugs but 
are also seen in response to vasodilator drugs, 
acetylcholine and nitroglycerin.*: 1! 4. The 
use of large doses of hexamethonium to in- 
activate the regulative reflexes allowed the 
duration of the effect of drugs to be measured. 
The administration of norepinephrine or 
nitroglycerin by injection under these con- 
ditions leads to a greater response in the 
hypertensive animal, and yet the duration of 
the response is not prolonged. An unusual 
state therefore exists in which certain drugs 
provoke an augmented response while the du- 
ration of their effect is unchanged. 

These facts suggest that the increased re- 
activity is a nonspecific effect, somehow re- 
lated to the hypertensive process; yet its re- 
lationship with the rising blood pressure is 
not as straight forward as might be expected. 
In the rat increased reactivity has been re- 
ported to appear before the onset of hyperten- 
sion? and my experience with the rabbit shows 
that the blood pressure response to noradren- 
aline increases gradually over about a month 
after the hypertension has been fully estab- 
lished (fig. 1). This timing appears to coin- 
cide with the passage from the acute ‘‘renal’’ 
phase of hypertension to the chronic ‘‘non- 
renal’’ phase and to the time when increased 
sensitivity to renin is noted.!! 

The effect of vascular spasm itself on re- 
activity has also been investigated by measur- 
ing the blood pressure response to infusions 
of norepinephrine at different initial levels 
of blood pressure. This was achieved by pro- 
dueing acute hypertension with infusions of 
posterior pituitary extract or injections of 
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Fic. 1. Dose response curve to infusions of 
norepinephrine in a rabbit before and after the de- 
velopment of experimental renal hypertension, illus- 
trating the gradual emergence of increased reactivity 
after the level of hypertension had been fully estab- 
lished. 
renin. The response to a standard dose of 
norepinephrine was then measured as the 
blood pressure passed from normal to hyper- 
tensive levels (figs. 2 and 3). Raising the 
initial level of pressure did not affect the 
magnitude of the response. (I should like to 
acknowledge here that the renin used in these 
experiments was kindly given me by Dr. H. 
Goldblatt. ) 

From this evidence it seemed that the in- 
creased reactivity in hypertension could not 
be the mere consequence of the elevation of 
blood pressure or narrowing of the arterioles 
by vascular spasm. Two possibilities there- 
fore remain. The increased response could 
result from a greater strength of contraction 
in the vascular smooth muscle (a true increase 
in sensitivity), or it could be the result of 
structural changes in the arterial wall. 

A true increase in the sensitivity of the 
vascular muscle seemed unlikely for 2 rea- 
sons. First, the change was completely non- 
specific, being evoked by a large variety of 
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Fic. 2. The response of the blood pressure to a 
standard dose of norepinephrine (2.5 ug. per minute) 
at different levels of blood pressure produced by 
infusions of posterior pituitary extract. 
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Fig. 3. The response of the blood pressure to a 
standard dose of norepinephrine (2.5 ug. per minute) 
at different levels of bleod pressure produced by 
injections of renin. The vertical scatter in this 
graph was produced by differences between various 
rabbits in their sensitivity to norepinephrine. 


pressor and depressor drugs. Secondly, the 
duration of the effect was not prolonged. It 
seemed, therefore, that the possibility of 
structural changes should be given serious 
attention. If there were thickening of the 
inner layers of the arterial wall at the ex- 
pense of the lumen of the vessel (fig. 4), vas- 
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Fig. 4. Diagrammatic representation of the effect 
intimal thickening would have on the lumen of a 
vessel undergoing constriction. 


cular reactivity would be increased but not 
prolonged, and it would be nonspecific. 

This hypothesis was investigated by study- 
ing the ability of the blood vessels to dilate. 


After hexamethonium had been given to in- 
activate the regulative reflexes, injections of 
nitroglycerin were given in progressively in- 
creasing doses until the lowest level of blood 
pressure it could produce had been ascer- 


tained. When nitroglycerin was given in 
this way on repeated occasions to animals in 
their normotensive and hypertensive state, it 
was found that the lowest level of blood pres- 
sure became progressively raised as hyper- 
tension developed (fig. 5). It seemed, there- 
fore, that nitroglycerin could not completely 
reverse the hypertensive process; some resid- 
ual resistance remained. 

While experiments of this kind must be 
interpreted with caution, these results indi- 
cate that in hypertension the arteries were, in 
fact, unable to dilate fully. Evidence sup- 
porting this suggestion has already been re- 
ported in human hypertension. It has been 
found impossible in response to heat and re- 
active hyperemia to reduce the peripheral re- 
sistance in the vessels of the forearm to the 
same level in hypertensive patients as in 
normals.!* 
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Fig. 5. 
level of blood pressure which can be produced by 
supramaximal doses of nitroglycerin (25 to 100 ug.) 
after hexamethonium. Repeated experiments per- 
formed in 8 rabbits. @, normal state; A, after oper- 
ation for production of hypertension. (Reprinted 
from Hypotensive Drugs, M. Harington, Ed., London 
and New York, Permagon Press, 1956.) 


The effect of hypertension on the lowest 


In conclusion, therefore, there is evidence 
to suggest that structural changes encroach- 
ing upon the lumen of the arterioles may well 
be one of the important factors in hyperten- 
sion. The vascular muscle fibers themselves 
may respond normally to constrictor and 
dilator agents but the resulting changes in the 
lumen of the vessel would be greater in the 
thickened vessel. Under these circumstances 
pressor substances in normal or slightly in- 
creased amounts would readily lead to hyper- 
tension. 


SUMMARY 


The response of the blood pressure to pres- 
sor drugs is greater in hypertensive than in 
normal animals. This increased reactivity is 
not the mere consequence of elevation of. blood 
pressure nor of vascular spasm. Its charac- 
teristics suggest that it is not the result of 
increased sensitivity of the smooth muscle 
fibers themselves, since it is of the same dura- 
tion as the normal one. 

It seemed possible, therefore, that in- 
creased reactivity might result from struc- 
tural changes in the arterial wall. In support 
of this possibility it has been found that when 
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nitroglycerin was used in supramaximal 
doses, the lowest level of blood pressure 
achieved by it becomes progressively elevated 
with the onset of hypertension. It seemed, 
therefore, that some residual resistance was 
present in hypertension which could not be 
overcome by the nitrite. 
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Discussion of Reports on Neural Factors in Hypertension 


R. TOBIAN: I am pleased to hear some 
of the conclusions that were reached 
by Dr. Conway, in that his findings suggest 
that a change in the thickness of the wall of 
the arteriole by itself might significantly 
narrow the lumen. Such an increase of the 
wall thickness would increase the narrowing 
of the arteriolar lumen in response to a pres- 
sor agent, while the muscle fibers themselves 
are exhibiting the normal amount of shorten- 
ing to this dose of pressor agent. Waterlog- 
ging of an arteriole could well produce this 
narrowing of the lumen as well as an ap- 
parent hyper-reactivity of arterioles to pres- 
sor agents. I am still a little troubled by one 
thing relating to the studies where you in- 
ereased the blood pressure with renin and 
then found the same pressor response to 
adrenaline, as was seen in a rabbit with nor- 
mal blood pressure. This comparison may be 
valid but, on the other hand, I suggest that 
it may not be. You might have some compen- 
sating errors. For instance, when you are 
giving some renin and the lumen size of the 
arterioles narrows, this narrowing itself 
might produce an apparent increased re- 
sponse to adrenaline even though the adren- 
aline is only causing its usual muscle short- 
ening. This can be shown on geometric mod- 
els of arterioles. On the other hand, the fact 
that the arterioles are already partially de- 
polarized by renin might prevent the full 
range of depolarization by adrenaline. Hence 
you might have one factor compensating for 
the other and producing what seems to be nor- 
mal responsiveness to adrenaline at various 
blood pressure levels. I think we should keep 
working toward other ways of attacking this 
problem in order to find out if an initial 
change in lumen size or wall thickness of 
arterioles produces an apparent rather than 
a real alteration in the reactivity of the arte- 
riolar smooth muscle to adrenaline. 
Dr. Louis W. Lewis: I would like to com- 


ment on Dr. Beck’s very interesting paper. 
You can give enough of any agent, hexa- 
methonium included, to eventually depress 
cardiac output. If there was no attempt 
made to stop exactly at the sympatholytic 
dosage of this drug it is possible that many 
times the required amount was given. 

I would like to present direct evidence that 
in proper dosage there is a definite peripheral 
vasodilating effect of hexamethonium and 
would, furthermore, suggest that this is the 
principal mechanism by which the blood pres- 
sure is lowered. Figure 1 shows the sympa- 
thogalvanic reflex (SGR) tracings from 3 ex- 
tremities and a digital plethysmographic 
tracing in the lowest channel. The SGR is 
a direct test of sympathetic activity in the 
intact, unoperated, unmedicated individual. 
If sympathetic activity is present, a biphasic 
curve is obtained in the tracing in response 
to a stimulus. If sympathetic activity is ab- 
sent, any stimulus will fail to produce the 
typical response and a straight line results. 
At the beginning of the illustration sympa- 
thetic activity is present and the base line for 
the digital plethysmograph can be observed. 
Twenty-five milligrams of hexamethonium 
depressed but did not eliminate the SGR ac- 
tivity. There was some increase in ampli- 
tude of digital pulsation. Another 25 mg. 
of hexamethonium intravenously did sym- 
pathectomize this subject so no further drug 
was given. The plethysmograph showed a 
100 per cent increase in digital pulsation. 
Thirty-five minutes later there was a slight 
return of sympathetic activity as the effect 
of the hexamethonium wore off, and about a 
50 per cent decrease in digital pulsation is 
recorded. Dr. Beck might rightly argue that 
there is a ‘‘species difference’’ in our work. 
This study was done on man.? 

Dr. BarKerR: Dr. Stamler, will you con- 
tinue with the discussion ? 

Dr. StamueR: I am particularly grateful 
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Simultaneous tracings of sympathogalvanie reflexes (SGR), consisting of a transitory 


change in EMF following a painful stimulus, in the right arm, left arm, left leg and plethysmo- 


graphic tracing from left fourth finger. 
extremities in response to ¢ 
lowest channel. 


Contro! tracing shows normal sympathetic activity in 3 
a brief stimulus and digital pulsations from a plethysmograph in the 
The patient was given hexamethonium intravenously until sympathectomized, as 
shown by the resultant absence of SGR activity. 
digital pulsations, as shown by the plethysmographic tracing. 


There was a marked simultaneous increase in 
As the effect of the sympatholy- 


tie drug (C6) wore off, there was a return toward the pre-injection level of digital pulsation. 


to Dr. Hoobler for this opportunity to speak, 
not because I have a great deal to contribute, 
but because, as one of the ‘‘younger genera- 
tion’’ in hypertension research, I am most 
happy to pay tribute to Dr. Goldblatt person- 
ally. He has been an inspiration to all of us 
as a scientist, as a teacher, and as a person. 

I would like to go back to where we started 
in this econference—to Dr. Goldblatt’s 
“‘eredo,’’ that essential hypertension is of 
renal origin in its pathogenesis. Dr. Gold- 
blatt was very forthright and definitive in 
reiterating this. Thus, he dealt squarely 
with the provocative and challenging prob- 
lem of the much greater prevalence and inci- 
dence of hypertension in the Negro than in 
the white in the United States, a problem that 
is particularly intriguing to those of us study- 
ing the epidemiology of hypertension. He 
put forward his reasons for believing that, 
irrespective of the operation of any neuro- 
genie mechanism such as psychological stress 


and tension, the inordinate extent and degree 
of hypertensive disease in Negroes is also an 
expression of a pathogenetic process having 
a renal mechanism. Without subscribing un- 
equivocally to this concept, I want to state 
that all of us doing epidemiologic research 
need to address ourselves vigorously to the in- 
vestigation of etiologic factors in the mode 
of life of Negroes possibly precipitating ul- 
timate renal hypertension. It is clear from 
last night’s proceedings that Dr. Moser, 
among others, is proceeding along such lines. 
In this connection it is perhaps worth stating 
that the whole problem of pyelonephritis and 
hypertension in Negroes and whites needs 
further work, as well as questions of possible 
renal damage resulting from nutritional aber- 
rations and complications of pregnancy. 

At the end of his presentation, Dr. Gold- 
blatt spoke of a ‘‘fly in the ointment”’ of the 
nephrogenic theory of hypertension, the find- 
ing that in chronic renal hypertensive dogs 
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the ganglionic blocking agent pentolinium in- 
duces a fall in blood pressure. Is this obser- 
vation a major road block in the path of ac- 
ceptance of Dr. Goldblatt’s concept? I am 
wary of accepting such data as proof of ex- 
cessive neurogenic arteriolar vasoconstriction 
in hypertension, and I am skeptical concern- 
ing this method for disproving the renohu- 
moral pathogenesis of hypertension. 

The papers of both Dr. Kezdi and Dr. Me- 
Cubbin are highly relevant with respect to 
this problem. Their work amply confirms 
the old observation of the exhaustion of the 
aorticocarotid buffering mechanism in the face 
of a persistent renohumoral pressor stimulus 
unleashed by the Goldblatt procedure. Re- 
search on experimental renal hypertension 
has always been confronted with a twofold 
problem, not only the nature of the pressor 
effect but also the mechanism whereby coun- 
ter-pressor buffering reactions are overcome 
in the course of the genesis of elevated blood 
From Dr. MeCubbin’s and Dr. 
Kezdi’s results it would appear that the ca- 
rotid-aortic reflex is the principal depressor 
response, and this undergoes progressive 
physiologic exhaustion at the receptor level. 
The barostat of this reflex is gradually reset 
at a higher level, so that it continues to re- 
spond to fresh acute pressor stimuli, but be- 
comes incapable of reacting to the sustained 
renohumoral pressor influence. Based on 
these findings, the debate as to whether in 
echronie renal hypertension a neurogenic 
pressor influence ‘‘takes over from’’ or ‘‘is 
superimposed on’’ the renohumoral mecha- 
nism seems to be of secondary importance. 
With respect to the ‘‘fly in the ointment,”’ 
the response to pentolinium, the ability of 
this ganglionic blocking agent to nullify nor- 
mal sympathetic arteriolar vasoconstriction 
derived from the reset carotid-aortic reflexes, 


pressure. 


plus the venomotor and cardiogenic actions 
of this type of drug, would appear to be ade- 
quate to account for the observed profound 
depressor response in man and dog despite 
continued operation of the renohumoral 
pressor mechanism. Obviously, however, 
further work is necessary to demonstrate un- 


equivocally that this is in fact the complex 
of reactions elicited. 

This indication, that sympathetic arteriolar 
hyperactivity is not a decisive factor in the 
pathogenesis of early or late renal hyperten- 
sion, receives further support from Dr. Con- 
way’s findings suggesting that a structural 
change occurs in the arterial tree of renal 


hypertensive animals. Is this an edema of 


the arterial and arteriolar wall, a water-elec- 
trolyte shift, as suggested by Dr. Tobian? In 
any case, if such a change does occur, result- 
ing in thickening of the vessel wall with con- 
sequent greater decrease in radius in re- 
sponse to a low order vasoconstrictor influ- 
ence—and therefore with consequent greater 


pressor response—then all the more is it un- 
necessary to invoke a hypothetical, sympa- 
thetic, neurogenic hyperactivity as a decisive 
mechanism in sustained renal hypertension. 
Therefore, it would appear more appropriate 
to speak of ‘‘feathers in the cap’’ rather than 
‘‘flies in the ointment’’ in evaluating the 
over-all results of this conference as they 
bear upon the validity of Dr. Goldblatt’s 
eredo. Dr. Skegg’s demonstration of circu- 
lating hypertensin in the peripheral blood 
of hypertensive patients relatively large 
amounts in malignant hypertension, and 
smaller but apparently significant amounts in 
benign hypertension, is an additional ‘‘feath- 
er in the ecap.’’ So is the cardinal achieve- 
ment of the synthesis of hypertensin by Drs. 
Bumpus, Page and colleagues. So too is Dr. 
Wakerlin’s extensive documentation of the 
antihypertensive effect of immunization, ac- 
tive and passive, with antirenin. 

Since so much of yesterday’s discussion 
pivoted around the renohumoral versus the 
renoprival theories, it is perhaps worth noting 
that there is a wide area of agreement in 
these seemingly disparate views: both adhere 
fundamentally to a renal theory of the patho- 
genesis of hypertension in contradistinction 
to any neurogenic concept. 

Finally, one other general impression may 
be worthy of brief discussion. Throughout 
the 2 days of this conference, the discussion 
was focused on problem; of the pathogenesis 
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of hypertension. It did not deal with prob- 
lems of etiology, with factors initiating the 
train of events. The presentations by epi- 
demiologists last evening were the exceptions, 
and clearly this work on etiologic factors is 
still in its stage of inception. If the renal 
theory is in fact receiving validation here, 
then research must face the cardinal question : 
What are the causes of the renal pathology, 
particularly arteriolar nephrosclerosis, which 
is the critical antecedent of hypertension? 
Along this line the whole problem of pvyelo- 
nephritis may need re-exploration. This dis- 
tinction between problems of pathogenesis 
and problems of etiology brings into sharpest 
focus, in my opinion, the meaning of adher- 
ence to the renal versus the neurogenic theory. 
Consider the problem of the possible role of 
psychological stresses in the etiology of hyper- 
tension. Research proceeding on the basis 
of the renal theory of pathogenesis must con- 


cern itself with the question of how stress- 
elicited cerebral nervous activity primarily 


induces altered renal function and structure, 
leading to hypertension. Based on the neuro- 
genic theory of pathogenesis, on the other 
hand, the problem becomes one of how stress- 
elicited cerebral activity results in sympa- 
thetic hyperfunction and hypertension, with 
uitimate secondary renal alterations. These 


are 2 basically different possible sequences. 
Based on the accepted theory of pathogenesis, 
renal or neurogenic, fundamentally different 
research approaches must result. 

With the evidence in support of the renal 
theory of pathogenesis becoming ever more 
convineing, the need for concerted work on 
the etiology and pathogenesis of renal ar- 
teriolosclerosis becomes ever more compelling 


SUMMARY 


Dr. Tobian commented on the possibility of 
increased fluid content of arterioles as a cause 
of the altered vascular reactivity described 
by Dr. Conway. Dr. Lewis described the 
arterial vasodilation in the digit following 
ganglion blockade. Dr. Stamler reviewed 
the conference proceedings and attempted to 
interrelate the many reports presented. He 
concluded with a restatement of the central 
role of the kidney in the pathogenesis of 
human hypertension and emphasized the im- 
portance of determining whether neurogenic, 
inflammatory, or arteriosclerotic influences 
were the factors which initiated the renal 
lesion. 
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Conference on Neural Control of the 
Circulation in Hypertension 


Led by Stptey W. Hoosier, M.D. 


R. HOOBLER: I have a number of 

distinguished panelists here, but I am 
going to reserve the prerogative of offering 
Dr. Conway a little more than the time per- 
mitted earlier today so that he may present 
his work on differentiating vascular distensi- 
bility in human hypertension. 

Dr. Conway: We have been interested for 
some time in the effect of aging of arteries in 
hypertension and have been trying to develop 
methods of testing for it. We have, as a start, 
developed a fairly simple test which depends 
upon the administration of amyl nitrite.’ 
Figure 1 shows the responses in 2+ patients. 
The blood pressure was measured from the 
brachial artery while a whiff of amyl nitrite 
was administered and the arterial blood pres- 
sure fell. In the upper curve a fall in blood 
pressure was accompanied by a fall in the 
amplitude of the pulse pressure. We believe 
that this occurred because the patient has 
rigid arteries. For our purposes the trend 
of the change in pulse pressure, as the dias- 
tolic pressure falls, must of course be limited 
to the period preceding tachycardia because 
an increase in heart rate will itself reduce 
pulse pressure. Up until that time there are 
between 6 and 20 beats in which changes in 
pulse pressure are believed to reflect arterial 
elasticity. In another patient of similar age 
to the first (fig. 1, lower tracing), the dias- 
tolie pressure and the systolic pressure came 
down together. We believe that this patient 
has normally elastic arteries. 

I do not want to elaborate on the test any 
further at present, and you may or may not 
think it very sound, but I should like to show 
you the results obtained by investigating pa- 
tients with hypertension in this way. We 


have studied an unselected group of patients 
and separated them into 2 groups according 
to their responses to the test. Patients with 
arteriosclerotic hypertension were not in- 
cluded in this study and there were no clinic- 
al characteristics by which patients could be 
assigned to one group or the other. After 
separation into groups by the test, it was 
found that the average age of those with rigid 
arteries was higher than those who had nor- 
mal arteries; the resting pulse pressure was 
also higher in those with rigid arteries. The 
greater pulse pressure occurred in spite of 
the fact that patients with rigid arteries had 
on an average a lower initial diastolic pres- 
sure. 

Thinking about these patients in relation 
to what Pickering has said about the normal 
trend of blood pressure for age and sex, we 
have compared the level of blood pressure in 
the normal population with that found in our 
patients. The diastolic pressure of the pa- 
tients with rigid vessels falls just at the upper 
limit of normal for their age.! This would 
fit precisely with the concept that this type of 
hypertension is an exaggeration of the normal 
trend. The patients who we thought had nor- 
mal arteries presented an entirely different 
picture. Except in a few eases the diastolic 
pressure was above normal limits for their 
age and sex, and in some of them above nor- 
mal for any age.'! We believe, therefore, that 
there are probably 2 different processes at 
work in hypertension—one in which the blood 
pressure rises with age and another in which 
some process, perhaps a vasoconstrictor agent 
from the kidney, imposes hypertension on a 
normally elastie arterial system. 

Having achieved a separation of patients 
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Fic. 1. The responses of the blood pressure as measured from the brachial artery, in 2 60-year- 
old patients, to the inhalation of amyl nitrite. T indicates the onset of reflex tachyeardia. Up- 
per set, pattern of response obtained from a patient with rigid arteries; lower set, responses of 


with hypertension into 2 groups according to 
the quality of their arteries, our next interest 
was to ascertain whether this would be of any 
practical importance in clinical practice. Pre- 
liminary investigations of the clinical status 
of these patients show 3 differences. A family 
history of arterial disease is found more com- 
monly in those with rigid arteries than in 
those with normal arteries. This applies par- 
icularly to the siblings and not so much to the 
parents. The fall in blood pressure on bed 
rest is much greater in those with rigid ar- 
teries than in those with elastic arteries. Fi- 
nally, the response to a test dose of one of the 
ganglion blockers, hexamethonium or pento- 
linium, gives a greater fall in pressure in the 
patients with rigid arteries. These clinical 
differences between the 2 groups also suggest 
that 2 different disease processes might be in- 
volved. 

Dr. Hoosuer: Given the same diastolic 
pressure, can you distinguish hypertensive 
patients by this test? Is this more useful 


a hypertensive patient with normally elastic arteries. 





than just the clinical recording of the dias- 
tolic and pulse pressure ? 

Dr. Conway: I think this test can be used 
to assess the rigidity of arteries where it is 
not possible to do so on clinical grounds. Two 
patients of similar age and blood pressure 
may give different types of response to the 
test. 

Dr. Hoosier: Now we will have to get to 
the business of the conference questions. The 
first question: ‘‘Is there any good evidence 
that experimental renal hypertension is ini- 
tiated and maintained by a neural pathway ?’’ 
I think this could be broken down wisely into 
2 divisions, initiate and maintain, because 
there might be quite distinctly different views 
on these points. I will ask Dr. MecCubbin if 
he would start the ball rolling. 

Dr. McCuspin: There are the experiments 
done by Grimson* * in which he completely 
sympathectomized dogs except for the renal 
innervation. Then by cutting the buffer 
nerves, he increased sympathetic vasomotor 
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discharge to the kidney, resulting in hyper- 


tension. The hypertension was subsequently 
relieved by renal nerve section. That would 
seem evidence that neurogenic impulses can 
initiate hypertension. 

Dr. Hooster: That experiment of Grim- 
son, I think, is a very erucial one. I person- 
ally think it would be an interesting one to 
see repeated. As far as I know it has never 
been tried again. Does someone here know 
of an attempt to repeat that specific type of 
experiment ? 

Dr. WAKERLIN: I cannot say that we have 
repeated the experiment, but we have per- 
formed an experiment that might be of some 
value in this connection. We tested the ef- 
fect of hog renin treatment in a number of 
buffer nerve hypertensive dogs to see if there 
might be a renal or renin factor in the main- 
tenance of the hypertension.‘ We found that 
with a course of hog renin therapy, when the 
antirenin titer increased, there was a signi- 
ficant fall in the blood pressure of chronic 
buffer nerve hypeitensive dogs. But even 
though the treatment was continued and the 
antirenin titer went higher, the blood pressure 
usually gradually increased over a period of 
3 to 5 months to the original hypertensive 
level. This suggests that there is a renin fac- 
tor involved but that it is not basic to the 
maintenance of the hypertension. We think 
that the increased vasomotor tone ineludes an 
effect on the renal circulation and produces 
some alteration in renal hemodynamics which 
sets off the renin angiotonin (hypertensin) 
system. Apparently we can block this tem- 
porarily with antirenin but other unknown 
factors compensate and the pressure goes back 
up. 

Dr. Hooster: That was a very helpful 
comment. Have you got something to say, 
Dr. Stamler? 

Dr. STAMLER: Kottke, Kubicek, and Laker® 
showed that electric stimulation of the renal 
sympathetic nerves induced hypertension 
which persisted as long as the stimulus was 
maintained. Blood pressure returned to nor- 
motensive levels upon cessation of the stimu- 
lus. Grimson and his colleagues® * presented 
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evidence that sustained renal hypertension 
could be produced by reflex renal vasocon- 
striction. 

This problem of irreversible renal hyper- 
tension possibly resulting from prolonged or 
repeated periods of functional renal ischemia 
is an extremely important one for the theory 
of hypertension. The definitive demonstra- 
tion of such a mechanism might serve to 
bridge the gap between the concept of a sig- 
nificant role for cerebral factors such as psy- 
chological stress and tension as opposed to 
renal factors in the genesis of hypertension. 
It would suggest a mechanism whereby dis- 
ordered higher nervous activity might ulti- 
mately ‘‘trigger’’ renal hypertension. At the 
present stage of our knowledge, the foregoing 
must, of course, be recognized as speculative. 

Dr. LANGFoRD: These experiments of Ku- 
bicek lasted to 3 months only, and were very 
difficult to do, but I think it is not correct 
to use this as a proof against the neurogenic 
origin of the hypertension. It takes longer 
than that to block off an artery, I believe. 

Dr. Hoosier: Then perhaps Dr. Goldblatt 
would agree that one of the most important 
theories in the field of clinical hypertension 
might well be that some neurogenic stimulus 
does something to the kidney which thereafter 
perpetuates the hypertension. I think the 
critical experiment has not been done: main- 
taining a neurogenic tone to the kidney until 
the kidney itself can maintain the hyperten- 
sion Qne must perhaps devise better and 
more ingenious ways of creating a chronic 
neural stimulation of the kidney. I am sure 
that 3 months was the limit of anybody’s 
endurance using the technic devised by Kottke 
and Kubicek. 

Now I want some help concerning the role 
of the nervous system in chronic renal hyper- 
tension. At least one experimental study in 
the literature confirms that if you pith a 
chronie renal hypertensive animal the blood 
pressure will come down to the same level 
as that of a normotensive animal.’ This 
occurs in spite of all the reports about sym- 
pathectomy and hexamethonium not lowering 
the blood pressure in renal hypertension. | 
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might also say that in occasional cases in the 
hypertensive patient where there has been a 
transverse myelitis with paraplegia after sur- 
gery, malignant hypertension has reverted to 
a normal blood pressure for many years. These 
all involve an important question: What is 
there about pithing the cord that can cure 
chronic renal hypertension in animals? 

Dr. BRauN-MENENDEz: If you hit a rabbit 
on the head and hit it hard you will get the 
same hypotensive effect. I think that pithing 
an animal is a very shocking experiment. 
When an animal is treated this way his eardi- 
ae output falls. 

Dr. Hoosier: Dr. Dock actually measured 
and maintained atrial pressure in some of 
those experiments so that a fall in the cardiac 
output was probably not responsible. When 
he was in California, Dr. Bohr did some ex- 
periments of that sort and he found essentially 
the same thing Would you care to discuss the 
objection of Dr. Braun-Menéndez to this ex- 
periment ? 

Dr. Boner: We used Dr. Grollman’s figure-8 
hypertensive rats and pithing in any stage of 
hypertension caused a fall in pressure to the 
same level as that reached by a normal rat 
when pithed.. We measured vena cava pres- 
sure by putting a polyethylene catheter into 
the jugular vein and with pithing the venous 
pressure did not fall. The fall in blood pres- 
sure, therefore, was not due to a decrease in 
cardiac output based on an impaired cardiac 
filling. The blood was there for the heart to 
pump out. The hypotensive level was caused 
by either a fall in peripheral resistance or an 
impaired pumping action of the heart. The 
shock state which concerns Dr. Braun-Me- 
néndez is impossible to evaluate. 

Dr. GotpBLaATT : Glenn and collaborators®: '° 
pithed dogs and allowed the animals to re- 
cover, as much as an animal in that condition 
ean, and then they constricted the main renal 
arteries. The blood pressure went up and 
stayed up so long as the animal was alive. 
That, in my opinion, is the crucial experi- 
ment. 

Dr. Kezpi: May I say a word? If you de- 
press the outflow by a very high sinus pres- 
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sure, plus hexamethonium, there is still a very 

significantly different floor level in chronic 
renal hypertension as compared to normal 
dogs. This floor level cannot be due to sympa- 
thetic discharge. 

Dr. Sapirstein: I think there is a hitherto 
overlooked fallacy in the Dock experiment. 
The experiment was designed to determine 
whether the difference between normotensive 
and hypertensive animals could be attributed 
to a humoral substance such as renin. From 
the fact that the blood pressure difference dis- 
appeared when the cord was destroyed, it was 
argued that there could be no humoral sub- 
stance circulating and that the pressure differ- 
ence must have been due to some activity 
transmitted through the cord or originating in 
the cord. But it has been shown.'! '* that 
any circulatory catastrophe induces the re- 
lease into the cireulation of renin. Pithing 
represents such a catastrophe. Thus, the nor- 
mal as well as the hypertensive animal is 
guaranteed to secrete renin into the cireula- 
tion. Even if there were a difference with 
respect to renin before the pithing no such 
difference would be expected to exist after the 
pithing. Both the hypertensive and normal 
animals would be secreting renin maximally 
in the traumatic situation. The experimental 
procedure employed negates the whole purpose 
of the experiment. 

Dr. Hoosier: I think we will have to eall 
a halt here. I would judge the issue still a 
draw. I think it is well worth reconsidering 
this experiment despite what Dr. Braun-Me- 
néndez says in objection. I would say that one 
of Dr. Dock’s experiments included perfusion 
of renin in one series of animals before pith- 
ing. Then there was a difference of the blood 
pressure level in the 2 series of animals, as 
T reeall.* 

The next question is one for which I am 
responsible. The question is: ‘‘ What evidence 
exists in chronic essential hypertension or in 
human renal hypertension that neural factors 
are continuously active in maintaining the in- 
creased peripheral arterial resistance?’’ We 
have discussed the role of the nervous system 
in the maintenance of renal hypertension. 








CONFERENCE ON NEURAL CONTROL 


Now we come to human essential hypertension 
and I would like to make the point that the 
evidence from clinical investigation does not 
suggest that in the ordinary hypertensive 
human subject, in the recumbent position, 
there is any large element of continuously pre- 
vailing neurogenic arteriolar tone. Human 
essential hypertension, recumbent position, 
neurogenic arteriolar tone, are the important 
terms. I do not deny that neural mechanisms 
could raise the blood pressure or initiate a 
hypertensive reflex, or that changes in posture 
could produce neurogenic arteriolar constric- 
tion; I am simply asking whether, in the re- 
cumbent hypertensive human subject, the neu- 
rogenic tone to the arterioles is elevated. The 
arguments against it very briefly are that if 
you get a hypertensive patient into the reeum- 
bent state and do cardiae output studies on 
him, you find that when you give him hexa- 
methonium or some other ganglionic blocking 
agent all of the decrease in pressure can be 
accounted for by a decrease in cardiac output. 
The total peripheral resistance stays constant. 
This has been shown by a number of investi- 
gators ; most recently by Crumpton’s group at 
Wisconsin.'* Another bit of experimental evi- 
dence is that when you go from one major 
vascular bed to another you find that the re- 
duction in pressure is more or less paralleled 
by a reduction in blood flow.'*: '4 The 2 cancel 
each other out so that peripheral arterial re- 
sistance in any vascular bed you measure be- 
fore and after a ganglion blocker is the same. 

Thus, I argued there was no sympathetic 
tone until Dr. Beck’s experiments showed that 
a blood pressure decrease per se should result 
in an increase in peripheral resistance if there 
were only passive changes in the arterioles in 
response to the blood pressure decrease. I 
think Dr. Beck made a good point that when 
we do lower the pressure, say 20 per cent, we 
should have some increase in total peripheral 
resistance if the arteriolar vascular bed is 
normally elastic. Would you say, Dr. Beck, 
that there is some inhibition of neurogenic 
arteriolar tone when a drop in pressure in 
these vascular beds is not accompanied by an 
increase in peripheral resistance? This is a 
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fundamental point. Many of us have talked 
about peripheral resistance as being directly 
proportional to the ratio of pressure to flow. 
Dr. Beck brings up the point that even this 
ratio varies with perfusion pressure so that 
with everything else kept constant one must 
expect pressure reduction to result automati- 
cally in an increase in peripheral resistance. 

Dr. Beck: Well first of all, I don’t want to 
take credit for finding that an artery can 
stretch. This is a very old observation. I 
wanted to reaffirm this in connection with the 
use of ganglionic blocking agents. Now, as 
far as the human being is concerned, obviously 
I cannot make any hard and fast statement. 
The only way I can answer the question is by 
analogy. I think I can show in the experi- 
mental animal essentially what you can show 
in the human subject. In the experimental 
animal I believe that if the total peripheral 
resistance does not rise with a fall in blood 
pressure, then there must have been a decrease 
in vasomotor tone, unless the vessel has lost 
its elasticity. To apply this to the human as- 
sumes that in the hypertensive individual the 
vessel has a certain degree of elasticity. Dr. 
Conway has just shown us some interesting 
results pertaining to elasticity so I would like 
to pass the buck right now over to him and 
see what comment he has on this point. 

Dr. Conway: Well, last things first. I was 
really entirely concerned in the clinical work 
with rigidity of the very large arteries so we 
have no evidence on the arterioles. But I am 
very disturbed by Dr. Beck’s work because it 
does run contrary to what I have thought; 
not that there is any harm in that. Evidence 
from Sweden” suggests that if you lower the 
blood pressure in a limb, for instance, the 
peripheral resistance goes down, not up. This 
also applies to human arteries, normotensive 
ones at any rate.’® Reactive hyperemia is 
produced partly by an accumulation of me- 
tabolites and partly by a reduction in trans- 
mural pressure across the arterial wall. 

Dr. Beck: I think there is no question 
about the reactive hyperemia. I will say briefly 
that I tried to get around it as best I could 
by employing a shunt; that is, in the interval 
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when I was not making flow-pressure determi- 
nations, I utilized the shunt to minimize re- 
active hyperemia. 

Dr. McCussin: Dr. Dustan pointed out 
earlier today that we need more and better 
tools and I think this is probably another 
instance. Dr. Freis'’ has recently done some 
experiments that I think are very helpful in 
explaining this lack of fall in peripheral re- 
sistance in dogs and man after giving a 
ganglionic blocking agent. He substituted a 
pump for the heart in dogs. By maintaining 
a constant cardiac output, he showed that 
hexamethonium then did lower peripheral. re- 
sistance. It is becoming more and more ap- 
parent that venomotor pathways are much 
more sensitive to the ganglionic blocking 
agents than are pathways to arterioles. With 
this sort of selective blockade there is a de- 
crease in venous return, lowering of cardiac 
output and fall in pressure. But since sympa- 
thetic efferent pathways to arterioles are not 
blocked completely, the fall in pressure causes 
the buffer reflexes to inc1ease sympathetic dis- 
charge and thus raise peripheral resistance. 
This simply means that the blocking agents 
are not good tools for determining whether 
there is or is not neurogenic vasoconstriction 
in hypertension. 

Dr. Kezpi: If we maintained intracarotid 
pressure by a pump independently of the 
systemic circulation, as I described in my 
paper, both cardiac output as measured by the 
Fick principle and total peripheral resistance 
decreased following tetraethylammonium chlo- 
ride (TEAC) injection in 3 dogs. The regu- 
latory mechanism is apparently still effective 
in increasing peripheral resistance because of 
the proportionally great decrease in cardiac 
output following ganglionic blockade. This is 
not the case when the carotid sinus is ex- 
cluded from the systemic circulation and the 
receptors do not perceive the decrease of the 
blood pressure during TEAC block. 

Dr. STaAMLER: One could go on endlessly 
with this particular discussion. Dr. Hoobler 
and I have had a stimulating exchange of 
correspondence along these lines. I would like 
to agree with Dr. McCubbin that the tools cur- 
rently being utilized are inadequate to yield 
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a definite answer. Every clinician knows that 
if a hypertensive or normotensive patient is 
given a large enough dose of blocking agent, 
his blood pressure will fall to shock levels. 
What does that prove about the role of neuro- 
genic factors in determining peripheral re- 
sistance in hypertension? As to the pitfalls 
in animal research on this type of problem, 
an old set of experiments in our laboratory 
illustrates them very well. Many years ago 
we showed that renal hypertensive dogs re- 
spond to the tissue injury represented by ab- 
seess formation with a sustained period of 
normotension.'* In studies on the mechanism 
of this response, Taylor and Page!® showed 
it was unrelated to the associated leukocytosis 
and fever. Subsequently it was demonstrated 
that this ‘‘pyrogenic’’ and ‘‘antipressor’’ re- 
sponse was associated with a sustained in- 
crease in renal blood flow, although it could 
not be definitely concluded that this was the 
mechanism of the restoration of normoten- 
sion.”° 

Following these studies, experiments were 
carried out on the hemodynamics of these 
dogs. It was found that the unanesthetized 
dog exhibited a normal resting cardiac output 
and blood volume, along with renal hyper- 
emia, during the period of abscess-induced res- 
toration of normotension. The animal anes- 
thetized with pentobarbital manifested an in- 
creased cardiac output and marked renal 
ischemia.*!_ This led us to repeat Homer 
Smith’s warning concerning the fallacies of 
renal function studies in anesthetized animals, 
a caution worth reiterating with regard to Dr. 
Beck’s experimental efforts. The further de- 
erease in total peripheral resistance under 
pentobarbital anesthesia indicated that the ab- 
seess operated to lower blood pressure in 
these hypertensive dogs without completely 
paralyzing autonomic vasomotor activity. 
Finally, further experiments with renin, an- 
giotonin, epinephrine, pitressin, and tetra- 
ethylammonium chloride indicated that vas- 
cular reactivity was not seriously impaired in 
unanesthetized renal hypertensive dogs during 
the period of abscess-induced normotension.** 
The mechanism of this response, therefore, re- 
mains an unresolved problem challenging in- 


CONFERENCE ON NEURAL CONTROL 


vestigators of experimental hypertension. May 
I re-emphasize, on the basis of these experi- 
ences, the conviction that pharmacologic 
agents and the responses to them may be in- 
adequate tools to elucidate the status of the 
peripheral resistance and its neurohumoral 
regulation in hypertension, especially in the 
anesthetized animal. 

Dr. Beck: I would like to say in response 
to Dr. Stamler’s comment on anesthesia that 
I feel our results are still preliminary and 
that much more information is required be- 
fore we can accept the evidence, let alone 
make an extension to the human. 

Dr. Hoosier: There is time for only one 
more comment. I think Dr. Kirkendall has it. 

Dr. KiIRKENDALL: I believe there is evidence 
to support the belief that there is a decrease 
in arteriolar resistance and perhaps tone in 
hypertensive patients treated acutely with 
ganglionic blocking agents. To deny this 
would be to deny the role of neural impulses 
in the maintenance of any portion of the 
arterial pressure in hypertension, and I do 
not believe the literature supports this. 

Most of the studies of the cerebral circula- 
tion after the acute injection of ganglionic 
blocking agents demonstrate a decrease in 
peripheral resistance which one would expect 
if neurogenic arteriolar tone were initially in- 
creased.***> Finnerty and Freis*® have dem- 
onstrated a great increase in skin blood flow 
after ganglionic blocking agents, and Freis 
and his group?’ have demonstrated a small in- 
crease in muscle blood flow and decrease in 
hepatic vascular resistance after the injection 
of hexamethonium. Ford, Moyer, and Spurr** 
have shown with chronic administration of 
hexamethonium in hypertensive patients that 
renal blood flow increased and renal vascular 
resistance decreased. The acute administra- 
tion of hexamethonium has been shown occas- 
sionally to be followed by an increase in renal 
blood flow by Ullman and Diengott?® and by 
our group at Iowa.%® 

Although changes in arteriolar tone in most 
of the vascular circuits measured have not 
been great, a decrease in tone must have oc- 
curred for normal or decreased vascular re- 
sistance to have been recorded in these areas. 


carotid a. 
Fig. 2. Clamp devised to reduce volume pulse of 
the carotid sinus area. (Reprinted from Circulation 
Research 5: 684, 1957.) 


My explanation for this decrease in tone after 
the administration of ganglionic blocking 
agents is that neural impulses important in 
its maintenance have been interrupted. This 
belief is supported by the early abrupt change 
in arteriolar tone after ganglionic blocking 
agents. Another explanation for this phe- 
nomenon is that autonomous local regulatory 
mechanisms may cause small arterial vessels 
to dilate when pressure or flow fall. Finally 
the drug used may have a direct effect on 
blood vessels to cause the decrease in tone. 
With this evidence for an effect on the arterial 
circuit of hypertensive man by ganglionic 
agents, I cannot believe that the entire effect 
of these agents on the blood pressure is-due 
to relaxation in venous channels and decrease 
in cardiae output. 

Dr. Hoosier: My reply to your comments 
must be brief. First, I would exclude arte- 
rioles to skin and to hands and feet which 
are under continuous and marked neurogenic 
arteriolar stimulation, but do not represent 
a major part of the total resistance and are 
so specialized a circulation as to prevent gen- 
eralizations concerning other areas. These 
unquestionably dilate after ganglionic block- 
ade. Those in which peripheral resistance 
falls do so only to a very minor extent and 
after quite some delay, which suggests an 
autonomous readjustment rather than-a re- 
duction in neural tone, as you have sug- 
gested. Finally, many reports, some pre- 
viously mentioned in this conference, are in 
contradiction to the studies you quote in that 
they describe no change in hepatic,!* renal, 
or total peripheral resistance.4* I suspect 
that if there is neurogenic arteriolar tone to 
these areas in the reeumbent human, the pre- 
viously mentioned autonomous and carotid 
reflex readjustments obscure the conclusions 
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to be drawn from measurements of the human 
circulation 
blockade. 


before and after ganglionic 


Now our time is short and we have one 
more question to deal with: ‘‘Can a lasting 
hypertension hemodynamically comparable 
to that seen in the human be produced by a 
neural mechanism? If so, is peripheral re- 
sistance increased and continuously main- 
tained by neural stimuli?’’ I can think im- 
mediately of 2 people here in the room 
who have experience to contribute. Dr. 
MecCubbin? 

Dr. McCussin: Drs. Taylor and Page at- 
tempted to tie off the entire circulation to the 
head of dogs sometimes in combination with 
diathermiec stimulation of the vasomotor cent- 
ers and chronic hypertension occasionally did 
develop.*! But whether this was hemo- 
dynamically comparable to essential hyper- 
tension was not known. 

Dr. Hoosier: Dr. Wakerlin, would you 
comment very briefly on this question ? 

Dr. WAKERLIN: We proceeded from the 
general premise that when he narrowed the 
renal artery Dr. Goldblatt was able to pro- 
duce hypertension in dogs. The general con- 
sensus now is that there is some alteration in 
renal hemodynamics, the nature of which is 
not settled even after this conference. Since 
there is evidence that the brain may be in- 
volved in the pathogenesis of hypertension 
we asked ourselves: Why not try similarly to 
alter cerebral hemodynamics? All such efforts 
up to this time had involved ligation of arte- 





37months of hypertension 


| 





Time 
Chronic neural hypertension from bilateral constriction of the carotid sinus area in the 
(Reprinted from Circulation Research 5: 685, 








CONFERENCE ON NEURAL CONTROL 


B (Dog no!) 
Constriction 
c 
* ~ 2 °o 
wf 00 § 
° O00 00 ogt ° 
° 2899 & 
~ 
<= 
So 
” 
£ 
Cc 
So 
& 
t+ 
—_ 





49 





in months 


ries in the neck area. This we felt was com- 
parable to some of the old experiments in 
the pre-Goldblatt days when investigators tied 
off the renal pedicles and during the period 
of survival observed mild increases in blood 
pressure. Instead of tying off vessels of the 
neck and getting low-grade hypertension, 
only moderately persistent at best, in a minor- 
ity of dogs, we decided to constrict the ar- 
teries to the brain in the dog, which might 
do the same thing to the cerebral circulation 
that Dr. Goldblatt’s renal artery clamp did 
to the renal circulation. We devised a plastic 
clamp (fig. 2) which reduced the volume pulse 
of the sinus and of the internal and external 
carotid arteries to one-third normal size.** This 
we have found to be optimum for the produc- 
tion of hypertension in the case of constriction 
of the renal artery. When we so constricted 
the internal and external carotid (and occipi- 
tal) arteries bilaterally, we got a high level 
hypertension in a high percentage of dogs, 
some of which have had hypertension now for 
more than four years (fig. 3). So far as we 
can tell from limited studies, this hyperten- 
sion, except for the clamps on the carotid sinus 
area, resembles essential hypertension. We 
do not think the carotid sinus mechanism is 
primarily involved in the pathogenesis for 
we have applied constricting Goldblatt mon- 
key clamps on the internal and external 
carotid (and occipital) arteries bilaterally 
above the sinus, with the carotid sinus nerve 
intact, and still have obtained the hyperten- 
sion. So far as the carotid sinus nerve mech- 
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nism is concerned, it ought to have oper- 
ated against the hypertension in the latter 
experiment. We are in the process of study- 
ing the pathogenesis of this hypertension, 
particularly since superficially it appears to 
resemble essential hypertension. The hyper- 
tension has been confirmed in 2 other labora- 
tories.**: 4 We would like to interest some of 
you in trying to produce this hypertension. 
We would be pleased to furnish clamps and 
advice. 

Dr. Hoosier: | think this report is a very 
fitting close to an interesting 2 days. In the 
first day of this conference, we learned of 
the isolation and synthesis of the humoral 
substance released by clamping the renal 
artery to produce hypertension, a technie first 
reported to the Cleveland Academy of Medi- 
eine 25 years ago by Dr. Goldblatt.*° In this 
very last report hypertension has been pro- 
duced by his method, applied to the carotid 
artery to produce this new form of ‘‘neuro- 
genie’’ hypertension. On behalf of my col- 
leagues at the University of Michigan I wish 


to express thanks to all of you for your par- 
ticipation in making this conference a success. 


SUMMARY 

Dr. Conway reviewed his test for differenti- 
ating hypertensive patients into those with 
and without altered vascular elasticity. The 
discussion then turned to the role of the nerv- 
ous system in hypertension. Experiments con- 
cerning the role of neural influences in initi- 
ating permanent hypertension were reviewed 
by Drs. MeCubbin, Wakerlin, Langford, and 
Stamler. The Dock experiment of pithing 
hypertensive animals was then considered. His 
results seemed to indicate the importance of 
neural influences in maintaining experimental 
renal hypertension, but it was agreed that it 
was not justifiable to conclude from this work 
that renal hypertension was maintained by 
elevated neural tone (Drs. Braun-Menéndez, 
Bohr, Goldblatt, Kezdi, and Sapirstein). The 
conferees then examined the question of in- 
creased neurogenic arteriolar tone in human 
essential hypertension. The lack of evidence 
for increased neural tone, based on the failure 
of greater dilation following ganglionic block- 
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ade in the hypertensive subject was supported 
by Dr. Hoobler and opposed by Dr. Kirken- 
dall. Most agreed that inferences from 
changes in peripheral resistance after block- 
ade were fraught with error, due to the in- 
trinsic elasticity of the arterioles (Dr. Beck), 
the predominance of venomotor blockade (Dr. 
McCubbin), the ‘‘break through”’’ of buffer 
reflexes (Drs. MeCubbin, Kezdi, Stamler), 
and the effects of varying types of anesthesia 
in animal experiments (Dr. Stamler). Finally, 
in reply to a question concerning ways to 
produce chronic, sustained, experimental, 
neurogenic hypertension, Dr. MeCubbin men- 
tioned the experiments of Taylor and Page, 
and Dr. Wakerlin concluded with a descrip- 
tion of a technic for producing in dogs chronic 
neurogenic hypertension which had persisted 
in excess of 4 years. This consisted in ap- 
plying a constricting plastic clamp to the 
carotid sinus area bilaterally, so as to reduce 
the volume pulse of the arterial branches of 
the sinus by two-thirds. 
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An Interpretive Review of the Conference Proceedings 


By Stptey W. Hoosier, M.D. 


HE purposes of the conference were first, 
T to review and recognize the basic con- 
tributions of Dr. Harry Goldblatt to the in- 
vestigation of hypertension and hypertensive 
disease ; second, by free discussion to seek to 
correlate the more important recent contribu- 
tions te our knowledge of the pathogenesis of 
hypertension ; and third, to suggest the most 
promising leads for further investigation. 
These goals were achieved as a result of the 
very fine cooperation of the conference par- 
ticipants. No attempt at over-all integration 
was asked of the individual contributors. 
Perhaps this is fortunate since there would 
have been as many conclusions as there were 
participants. However, this review and per- 
sonal interpretation is submitted because it 
seemed that someone should attempt an over- 
all summary and interpretation of the confer- 
ence. 

It is a pleasure to note how much the con- 
tributions of Dr. Goldblatt have become part 
of the basic language of research in hyper- 
tension as evidenced by the frequent use of 
the terms ‘‘Goldblatt hypertension’’ and 
‘*Goldblatt units.’’ The final reports at this 
meeting of the synthesis of a new and exceed- 
ingly potent pressor polypeptide, angiotensin,* 
is a direct consequence, through the efforts of 
many workers, of his original description of 
renal hypertension 25 years ago. Finally, at 
the clinical level, the recently published re- 
views of human unilateral renal hypertension 
by Dr. Homer Smith! and Drs. Margolin, 
Merrill, and Harrison? confirm that interfer- 
ence with the renal blood supply can cause a 
form of human hypertension similar to that 


*One tangible result of the conference was an 
agreement between Drs. Page and Braun-Menéndez 
to call this active polypeptide angiotensin instead of 
continuing the present conflict between angiotonin 
and hypertensin. 


created experimentally by Dr. Goldblatt. The 
recent report of the ability to arrest the 
course of hypertension by transplanting a 
normal kidney and removing 2 diseased kid- 
hneys comes as a further verification of Dr. 
Goldblatt’s theories.* 4 

Mechanism of Experimental Renal Hyper- 
tension. The second conference objective was 
to review and interpret recent studies con- 
cerning the basic mechanisms of arterial 
hypertension, particularly of the experimen- 
tal renal and human essential variety. One 
may commence with the premise of Dr. Gold- 
blatt that chronic hypertension due to renal 
artery constriction is mediated by the release 
of a humoral pressor substance, renin, which 
acts on a globulin substrate in plasma to pro- 
duce angiotensin, and that an intact normal 
kidney somehow opposes the pathogenetic 
process. An abundance of evidence, inelud- 
ing the reports of Drs. Taquini and Blaquier 
and of Dr. Kolff presented at this conference, 
supports this theory for the pressor mecha- 
nism of acute renal ischemia. Failure to find 
renin or angiotensin by the same methods of 
assay in chronic experimental renal hyper- 
tension has given rise to considerable doubt 
that this theory also explains the chronie 
phase of the disorder. Review of the con- 
ference reports and discussions reveals con- 
siderable divergence of opinion. Supporting 
the original view are 3 separate observations 
of blood pressure reduction in chronic renal 
hypertension when high level antibody titers 
to renin are achieved (Drs. Goldblatt, Helmer, 
and Wakerlin). Some of these studies might 
be challenged on the basis of the toxie or 
‘‘nonspecifie’’ effects of such protein injec- 
tions, but the passive transfer experiments of 
Dr. Wakerlin can hardly be thus dismissed. 
Results of attempts to demonstrate renin or 
renin reaction products in the blood in chron- 


Circulation, Volume XVII, April 1958 




















































































































































































































826 


ic hypertension as opposed to acute forms of 
the condition have met with varied success. 
On the one hand Drs. Goldblatt and Skeggs 
have demonstrated slight but consistent in- 
creases in angiotensin; on the other hand Drs. 
Taquini and Braun-Menéndez* * have failed 
to find increased renin in chronic hyperten- 
sion although they have identified the enzyme 
in aeute experimental hypertension, thus 
seeming to validate their methods. However, 
as Dr. Wakerlin pointed out, our present 
methods of assay are still too insensitive since 
renin can not be recovered from the blood 
during acute hypertension due to infusions of 
renin.? The different results in acute and 
chronic hypertension could be reconciled if 
increased vascular reactivity to a minimal 
and unmeasurable increase in circulating 
renin could be demonstrated in the chronic 
phase of hypertension. The observation that 
vascular reactivity is enhanced in the later 
stages of experimental hypertension, as de- 
scribed to the conference by Dr. Conway, may 
explain these discrepancies since under such 
circumstances less renin would be necessary 
to keep the blood pressure chronically ele- 
vated than to raise it acutely. The problem 
was well summarized by Dr. Braun-Menéndez 
who observed that renin may cause chronic 
hypertension without being detectable in the 
blood, just as circulating insulin is extremely 
difficult to assay in vivo in the diabetic. 

Many investigators have recognized the 
protective action of the normal kidney, ever 
since contralateral nephrectomy has been ob- 
served to restore the hypertension which 
transiently follows clamping of one kidney 
in the dog. A reasonable synthesis of the pa- 
pers dealing with renoprival hypertension 
might be based on the assumption that the 
presence of a normal kidney has the effect of 
inhibiting or removing metabolically a va- 
riety of blood pressure raising substances. 
This has been shown by Dr. Kolff in the case 
of renal and renoprival hypertension, while 
Dr. Skelton’s form of adrenal hypertension 
occurs only after uninephrectomy. Not only 
may pressor substances such as renin be de- 
rived from the ischemic kidney, but similar 
pressor enzymes and polypeptides of non- 
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renal origin may arise, although more slowly, 
from other sites as suggested in Dr. Braun- 
Menéndez’ paper. This would account for the 
slower blood pressure rise which occurs fol- 
lowing bilateral nephrectomy as compared to 
the rapid increase which occurs on clamping 
a sole remaining kidney. The rate of aeceu- 
mulation of these substances is hastened by 
accelerating protein metabolism such as by 
the feeding of high protein diets in the ex- 
periments of Dr. Handler and Dr. Braun- 
Menéndez, or by administration of hormones 
which stimulate protein turnover, such as 
somatotropin, corticotropin, thyrotropin, and 
thyroid substances which were effective in 
raising the blood pressure according to Dr. 
Braun-Menéndez. The presence and magni- 
tude of normal renal metabolic function is 
likewise of importance in controlling the level 
of this hypothetical family of pressor sub- 
stance as demonstrated by Dr. Kolff, but the 
precise mode of action of the kidney is still 
obseure. The kidney may have many other 
protective functions, all additive in control- 
ling blood pressure such as the removal of 
excessive sodium or sensitization of the vas- 
culature to all pressor substances.* The chief 
protective function of the kidney, however, 
appears to be the prompt metabolic removal 
or neutralization of renin or kindred pressor 
substances which, when they accumulate, 
cause hypertension. It has been suggested 
that renin, circulating in less than measur- 
able doses, might alter this removal function 
of the kidney. This theory would reconcile 
the two schools of thought, and provide a sin- 
gle explanation for both renal and renoprival 
hypertension. It would account for the re- 
sults of the antirenin studies of Dr. Wakerlin 
and for the curative effect of unclamping the 
ischemic kidney. 

It is obvious, from Dr. Dustan’s review, 
that the adrenal gland is not inactive during 
the development or maintenance of experi- 
mental renal hypertension. The bulk of the 
evidence, however, seems to favor the view 
that its role is permissive, sensitizing, or re- 
ciprocal, particularly in view of Dr. Fregly’s 
experiments in which adrenalectomized rats 
developed hypertension following renal ische- 
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mia. Sodium chloride feeding or overproduc- 
tion of adrenal secretions may well sensitize 
the organism so that a more severe hyperten- 
sion or a necrotizing arteriolar lesion devel- 
ops, while many observations indicate that 
renal ischemia (and renin) may cause a re- 
ciprocal adrenal hyperfunction. It is pos- 
sible that this reciprocal action may aggra- 
vate pre-existing hypertension, or, as in the 
experiments of Dr. Skelton, by itself cause the 
appearance of hypertension if certain condi- 
tions are fulfilled. This might explain the 
remarkable ability of the adrenal-blocking 
drug described by Dr. Sturtevant to lower 
the blood pressure of renal hypertensive rats 
without inducing a ‘‘nonspecific’’ toxic effect. 
Furthermore, this view would find support in 
Dr. Bohr’s observation that desoxycorticos- 
terone increases the reactivity of vascular 
smooth muscle, presumably by altering cellu- 
lar sodium or potassium gradients. 

From the conference reports of Drs. Kezdi 
and McCubbin there seems little doubt that 
the buffer nerve mechanism is at first stimu- 
lated to challenge the renal humoral pressor 
system, but that later it accepts defeat and be- 
comes reset at a new level. Thus one may rec- 
oncile the observation of Dr. Ogden’s group® 


of a ‘‘change in mechanism’’ without requir- 
ing that the later form of hypertension be of 
a purely neurogenic nature. 


This explains 
Dr. Goldblatt’s observation that a reduction 
in blood pressure following pentolinium does 
not occur in early renal hypertension or dur- 
ing renin infusions, but does develop in late 
renal hypertension when the barostat is reset. 
It is not likely that late renal hypertension is 
maintained alone by the altered barostat, for 
sympathectomy should then cure the condi- 
tion. The presence of normal buffer reflexes 
in chronic but not in acute renal hypertension 
is another pitfall in the path of investigation 
of blood pressure responses to various drugs 
in renal hypertension, which was avoided by 
Dr. Conway through the use of ganglionic 
blockade. 

The reason for the change in setting of the 
barostat is certainly obscure. The observation 
of Dr. MeCubbin that the change does not oc- 
eur during 6 hours of hypertension due to 
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angiotensin infusion suggests that ‘‘fatigue’’ 
of afferent nerve discharge probably does not 
play a role in this readjustment. However, 
by combining the views of several of the in- 
vestigators at the conference and the observa- 
tions of Drs. Conway, Tobian, MeCubbin, and 
Kezdi with those of Heymans,!° it may be sug- 
gested that changes in the arterial walls see- 
ondary to prolonged hypertension alter the 
threshold of response of pressor receptors. 
In this way they then act at the higher pres- 
sure level to resist changes in blood pressure 
whether induced by drugs or nephrectomy. 
The change in the elasticity of the arterial wall 
of the sinus may occur at the same time that 
Dr. Conway demonstrated that vascular re- 
activity was altered. This change may indi- 
cate the onset of generalized morphologic 
vascular changes secondary to hypertension 
which act to perpetuate the disorder. 

To this reviewer, Dr. Goldblatt’s original 
theory, with some modification, still suffices 
to explain the mechanism of experimental re- 
nal hypertension. In the chronic phase renal 
pressor substances circulate in diminished but 
sufficient amounts to maintain the blood pres- 
sure elevation in combination with increased 
vascular reactivity and a progressively re- 
duced ability of the contralateral kidney to 
remove pressor polypeptides or their forma- 
tive enzymes. While a heightened vascular 
sensitivity of the renoprival animal to per- 
sisting renin and renin-like substances may 
explain the persistence of an elevated blood 
pressure after removal of the ischemic kidney 
or bilateral nephrectomy,'!** reduction of 
blood pressure occurs when the chronically 
ischemie kidney is unclamped and is then 
available to remove pressor substances from 
the circulation.’ 1* Alterations in adrenal 
function and salt metabolism may modify the 
process strikingly, or such changes may be the 
consequence of the hypertensive process itself. 
Vascular reactivity (and morphology) may 
change after a period of increased intra-ar- 
terial pressure and may then serve directly 
to perpetuate the process through sensitization 
to pressor stimuli and through resetting of the 
buffer barostat. 

Mechanism of Human Hypertension. So far 
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this discussion has been concerned with the 
pathogenesis of a single, recognized manipu- 
lation which causes hypertension. In consid- 
ering the relation of these findings to human 
essential hypertension the situation is more 
complex. One may commence by considering 
Dr. Goldblatt’s credo that all essential hyper- 


tension is ultimately of renal ischemic origin. 


Many clinical counterparts to the Goldblatt 
experiment have been recognized and more 
appear almost daily to alert clinicians and 
urologists,> as pointed out in the conference 
by Dr. Nesbit. The hemodynamics of angio- 
tensin conform to the pattern of human hyper- 
tension, and indeed Dr. Skeggs makes an im- 
pressive case for an increase in this substance 
in human hypertensive blood despite the fail- 
ure of others to find increases in renin® or an- 
giotensin.'* But the analogy fails when the 
degree of renal artery narrowing or other 
kidney manipulation necessary to produce 
mild hypertension in the animal is compared 
to the magnitude of renal disease observed 
in mild essential hypertension. If the Gold- 
blatt mechanism is to apply to early essen- 
tial hypertension, either the ischemia must 
be functional and inapparent at autopsy or 
biopsy, or the release of renal pressor enzymes 
in the early stages of essential hypertension 
must derive from an enzymatic defect not 
susceptible to microscopic observation. In 
this connection it is pertinent to note that the 
basic stimulus to renin release is not known, 
but is not. necessarily ischemia or anoxia. 
Perhaps other stimuli not involving renal 
flow changes may so alter the renal en- 
zymatic systems as to produce a permanent 
renal hypertension in the human being not 
based on renal ischemia. Metacorticoid hyper- 
tension is perhaps an example of a nonpressor 
stimulus which may excite chronic renal hy- 
It is interesting that 
a few of the patients with hyperaldosteronism 
reported by Dr. Conn maintained their ele- 
vated blood pressure despite removal of hy- 
It is tempting to 
speculate that a period of aldosterone hyper- 


pertension in the rat. 


perfunctioning adrenals. 


secretion could so affect renal function as 
to create secondarily a self-sustaining renal 
hypertension. 
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Along similar lines, one might conceive that 
neural stimuli to the kidney could initiate a 
hypertension which would thereafter be self- 
sustaining. However, such an effect is not 
observed when the renal nerves of the dog are 
deliberately stimulated for at least 2 months 
nor in the short-term Grimson experiment" 
when the debuffered dog with renal innerva- 
tion alone intact remains hypertensive until 
the renal nerves are cut. At the clinical lev- 
el, it is also observed that patients with hyper- 
tension due to acute bulbar poliomyelitis rare- 
ly have persistent hypertension after sub- 
sidence of the prolonged neural hypertension 
excited by the disease. 

The alternate approach to the pathogenesis 
of human essential hypertension is to assume 
multiple factors acting upon an inherited pre- 
disposition. This is intellectually less pleas- 
ing and complicates the problem of the clini- 
cal investigator, but it may lead to some ther- 
apeutie successes before the whole picture is 
filled in. Such an approach preserves an open 
mind, sensitized as it were by the vast body 
of information concerning experimental hy- 
pertension. This concept was behind Dr. 
Francis’ suggestion that an epidemiologic ap- 
proach might prove fruitful. 

The observations of Dr. Moser that in the 
Bahamas almost 1 of every 2 Negro adults is 
hypertensive, that the blood pressure in the 
population is continuously distributed from 
normal to severely hypertensive, and that hy- 
pertensive complications are frequent, are in- 
deed important. From preliminary data, pri- 
mary renal disease appears to be unlikely. 
Salt overloading superimposed on a racial 
tendency to hypertension seems necessary to 
reconcile these observations with the alleged 
lack of hypertension in other high salt eating 
populations. At this point it is helpful to re- 
call Dr. Conn’s observation that patients with 
Addison’s disease and a family history of hy- 
pertension may develop hypertension on small- 
er doses of salt-retaining steroids than pa- 
tients without such a family history. Dr. 
Moser’s report raises again the concept that 
a large part of human essential hypertension 
may be of an adrenal-salt origin as proposed 
by Dr. Meneely and others.” 7! The hyper- 
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excretion of sodium, chloride, and water, 
shown by many authors and reported at the 
conference by Dr. Weller and by Dr. Findley, 
together with the depression of megnesium 
and elevation of serum sodium described by 
Dr. Morita, suggest some involvement of so- 
dium chloride and of the adrenal cortex in 
human hypertension. However, adrenalectomy 
fails to ‘‘eure’’ essential hypertension while 
it usually relieves the hypertension associated 
with Cushing’s disease or primary aldostero- 
nism; this seems the most cogent argument 
against continuous adrenal hypersecretion as 
the primary source of human hypertension. 
The reciprocal action of the adrenal may ex- 
plain the altered plasma electrolyte pattern 
which is found and an increase in salt intake 
may be a ‘‘sensitizing’’ influence that can 
provoke hypertension only when there is a 
predisposition. 

The discussion of neural theories of origin 
of clinical hypertension was particularly in- 
teresting since much clinical therapy is based 
on the view that continuously increased 


neural vasoconstrictor stimuli are the prime 


cause of human hypertension. The depres- 
sor effects of ganglionic blocking agents, 
sympathectomy and the pressor effects of the 
so-called ‘‘stresses’’ of civilization are alleged 
to support such a pathogenesis. In Goldblatt 
hypertension the neural system behaves nor- 
mally because baroreceptors become reset to 
the hypertensive level. Such a reset barostat 
probably accompanies human hypertension 
even if it be of renal origin, and would permit 
the blood pressure to fall after administration 
of ganglionic blocking agents without requir- 
ing that the hypertension be of primary neu- 
rogenic origin. The barostat must resist our 
efforts at therapy but, as suggested by Dr. Me- 
Cubbin, prolonged blood pressure reduction 
by resetting the barostat to more normal blood 
pressure levels might aid our therapeutic 
efforts. 

The popular assumption that essential hu- 
man hypertension is mediated by a neurogeni- 
cally maintained increase in peripheral arte- 
riolar resistance, has long been of interest.** 
Several interesting conclusions may be drawn 
from reading that portion of the conference 
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devoted to this subject. No proof was pre- 
sented for an increase in neurogenic tone to 
the arterioles in hypertension, although the 
evidence obtained from the use of ganglionic 
blocking agents was criticized as inadequate 
since in these experiments ganglionic block- 
ade is always incomplete and any fall in blood 
pressure is therefore accompanied by a com- 
pensatory increase in buffer reflex activity 
and a corresponding rise in peripheral arteri- 
olar resistance. Furthermore, if human ar- 
terioles are normally elastic and behave like 
those described in Dr. Beck’s experiments, the 
very fact of blood pressure reduction should 
automatically result in an increased arterial 
resistance. It thus appears incorrect to es- 
timate neural tone to the arterial system from 
the changes in vascular resistance which fol- 
low ganglion _ blockade. Hemodynamic 
changes which follow sympathectomy are 
somewhat different from those produced by 
chemical blockade ;?*-*° it may be that in the 
latter instance diminution of sympathetic tone 
to the heart, as indicated in Dr. Beck’s experi- 
ments, accounts for the greater depression of 
cardiac output and the lack of reduction in 
peripheral vascular resistance following this 
method of reducing sympathetic tone. 

However, the failure of total sympathec- 
tomy to cure essential hypertension is the 
strongest argument that the autonomic ner- 
vous system is not primarily involved in the 
maintenance of an increased peripheral re- 
sistance. Evidence has been cited to show 
that it is unlikely that a brief period of in- 
tense neural discharge might lead to a self- 
perpetuating hypertension in the experimen- 
tal animal. 
not take into account the possibility that such 
an effect might be secured in a predisposed 
individual. In this connection it would be 
interesting to know whether all survivors of 
the Texas City disaster, who were initially 


However, these experiments do 


said to be hypertensive after the accident,”° 
still remain hypertensive or whether only 
those with a family history of the disease are 
still affected. 

Perhaps the present unsatisfying state of 
clinical investigation in hypertension may be 
partially resolved by accepting the Pickering 
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hypothesis. One could start, as he does, with 
the premise that there is an inborn vascular 
predisposition to hypertension in some indi- 
viduals and not in others. This may manifest 
itself in early life in altered vascular elasticity, 
as intimated by Dr. Conway in the final meet- 
ing of the conference. Upon this substratum, 
renal, adrenal, and neural pathogenetic fac- 
tors may act individually or collectively to 
inerease the arteriolar resistance, raise the 
blood pressure and lead to vascular disease 
and death. Early identification of the pre- 
disposed individual, search for precipitating 
factors in the environment, such as high salt 
intake, stresses of the ‘‘acculturation proce- 
ess,’’ and renal disease would seem to be use- 
ful leads for epidemologic investigation. 


Elimination by diet, drugs, and surgery of 


these multiple precipitating factors, preven- 
tion of the blood pressure elevation with its 
reset barostat, and finally, vigorous efforts to 
lower the blood pressure in the hope of reduc- 
ing the mortality rate: these procedures ac- 
quire a justifiable status on the basis of ex- 
perimeital observations, even though the pre- 
cise cause, or more probably causes, of this 
disease continue to elude us. 

Promising Fields for Investigation. The 
conference proceedings themselves suggest 
many opportunities for the repetition or ex- 
tension of crucial experiments and many sug- 
gestions for new investigations. Verification 
of the reported finding of increased angio- 
tensin in human and experimental hyperten- 
sion is obviously crucial; now that the struc- 
ture of the pressor polypeptide is known its 
detection and pathways of metabolism and ex- 
cretion are obvious new approaches. Research 
on renin antibody should be extended. The 
mechanism of the remarkable protective ac- 
tion of the normal kidney against all forms 
of experimental and some eases of human 
renal hypertension deserves more study. The 
possibility of changes in vascular structure 
and reactivity and the interrelationships be- 
tween them deserves serious attention as these 
alterations may be the ‘‘substrate’’ on which 
The mechanism of 
the change in the behavior of the carotid sinus 


all other influences act. 
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is of particular interest and the possibility 
of resetting the barostat by keeping the pres- 
sure down has particular relevance to the 
problem of treatment. The offer of Dr. Wa- 
kerlin to teach his new technic for producing 
neurogenic hypertension by carotid constric- 
tion should certainly be accepted in a num- 
ber of laboratories, since this seems to be an- 
other fresh approach to the problem. 

In the clinical field, the leads offered by 
world-wide variations in blood pressure de- 
serve investigation. In particular, the al- 
leged discrepancy between the blood pressure 
of West Africans and West Indian Negroes 
and the alleged failure of the American In- 
dian? to develop hypertension deserves study. 
The earliest onset of signs of susceptibility to 
hypertension needs further study in con- 
trolled populations.** The Pickering hypothe- 
sis, and particularly his age-adjusted correc- 
tion for blood pressure, should be verified by 
comparison of successive blood pressures in 
the same individual* over long time intervals 
if his age-corrected ‘‘scores’’ are to be used 
in epidemiologic investigations. Although the 
gradual elevation of blood pressure with age 
is now a well established observation when 
large samples of the population are studied, 
the process by which this oceurs is unknown. 
Whether it is confined to a comparatively 
small sample of the population who deserve 
special study or is a general characteristic of 
aging needs investigation. 

A number of subjects for investigation in 
clinical hypertension suggest themselves on re- 
view of the conference proceedings. Measure- 
ments of various differences detectable in the 
blood of hypertensive and normal subjects re- 
ported by Drs. Skeggs, Leonard, and Morita 
need verification and extension. Whether the 
hyperexeretion of electrolytes is secondary to 
the blood pressure elevation within the kidney 


*To the author’s knowledge no study of changes in 
blood pressure readings on a large number of nor- 
mal persons after the lapse of many years has ever 
been reported. Such data, if available, should be 
published since otherwise many years obviously will 
be necessary to complete such a longitudinal popula- 
tion survey. 
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or is a primary renal or metabolic defect de- 
serves careful study. The changes in vascu- 
lar wall morphology or reactivity and possible 
similar alterations in the carotid sinus mecha- 
nism are among the host of subjects which 
seem of the greatest interest. 

It appears that progress in 25 years has 
been remarkable. It is hard to believe that in 
1932 the treatment of clinical hypertension 
was generally ineffective and no experimen- 
tal laboratory counterpart was available for 
study. Today the problem rests at midpoint. 
Certainly within less than another 25 years 
we shall understand fully the basic mecha- 
nism of the hypertension produced by Dr. 
Goldblatt, and we shall be better able to dif- 
ferentiate and to treat hypertensive disease 
in the clinic. Whatever the final answers, we 
all owe Dr. Goldblatt a real debt of gratitude 
for pointing the way. 
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